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OIL FIELDS OF ROYAL DUTCH-SHELL GROUP IN 
WESTERN VENEZUELA! 


STAFF OF CARIBBEAN PETROLEUM COMPANY? 
Maracaibo, Venezuela 


Part I. INTRODUCTION 
GENERAL REMARKS 


The Royal Dutch-Shell Group, through the Caribbean Petroleum Company 
and its associates, at present operates in western Venezuela eleven fields, which 
are located in the State of Zulia, in the Maracaibo Basin (Fig. 1). A list of these 
fields and relevant general data are given in Table I. 

The first five fields in Table I are usually referred to as the Bolivar Coast fields 
on account of their location in the Bolivar District on the east shore of Lake 
Maracaibo.’ Actually they are parts of one very large field in which accumulation 


1 Manuscript received, October 17, 1947. The paper was essentially written in January, 1946, and 
covers developments to the end of 1945. 


2 W. H. Bostock and D. B. Williams assembled the data on development, drilling methods, com- 
pletion practice, reservoir conditions and production, and H. P. Schaub compiled the geological in- 
formation and edited the manuscript. The writers are indebted to L. Kehrer, P. de Schumacher, A. N. 
Lucie-Smith, R. A. Henkes, J. T. Warde, A. J. Akehurst, A. J. Dikkers, J. J. Dozy, W. F. G. L. 
Starrenburg, and R. W. Barker of the Caribbean Petroleum Company for many helpful suggestions 
and for reading the manuscript. 
The writers could spare only little time from their general duties and had to rely heavily on 
reports, maps, and sections already in the files of the Caribbean Petroleum Company. Among others 
private reports by the following members of the technical staff of the Caribbean Petroleum Company 
have been used. 
Regional geology: P. Bitterli, H. Buess, W. Hegwein, L. Kehrer, J. Krebs, E. Kiindig, E. A. 
Ritter, H. P. Schaub, H. Stauffer, W. Tappolet, W. G. C. Tomalin. 

Paleontology: H. Baggelaar, R. W. Barker, W. E. Crews, J. Dufour, H. Gerth, J. F. Grimsdale, 
R. E. Koch, W. L. F. Nuttall. 

Exploitation: H. J. Buddenhagen, E. W. Clark, L. U. de Sitter, G. Dickinson, H. Hemmings, 
R. Martin, B. H. Mull, R. L. S. Panisset, J. Schoo, P. de Schumacher. 

Oil and water analyses: L. A. Britton, G. M. Minnema. 


3 Lake Maracaibo is a translation of the Spanish name Lago de Maracaibo. This large body of 
brackish water, which is connected with the open sea through a wide channel with several shallow 
openings, is a nearly closed bay rather than a true lake. 
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took place under similar stratigraphical and structural conditions and conse- 
quently they are treated as a group. 

Las Cruces and Los Manueles fields exploit separate accumulations on the 
Tarra anticline. In both, oil occurs in the same formations under similar structural 
conditions, and these fields are therefore presented in one comprehensive de- 
scription. 


TABLE I 
List OF SHELL Group’s O1L FIELDS IN WESTERN VENEZUELA 


Main Potential 
Field Concessionaire District Production Production 
from Dec., 1045, 
Bbls. 
Cabimas Venezuelan Oil Concessions Ltd. Bolivar Miocene 17,850 
Tia Juana Venezuelan Oil Concessions Ltd. Bolivar Miocene 35,600 
Lagunillas Venezuelan Oil Concessions Ltd. Bolivar Miocene 72,000 
Pueblo Viejo Venezuelan Oil Concessions Ltd. Bolivar Eocene . 35850 
Bachaquero Venezuelan Oil Concessions Ltd. Bolivar Miocene 32,250 
Mene Grande Caribbean’ Petroleum Company Sucre Miocene 35,850 
Eocene 
Concepcié6n Venezuelan Oil Concessions Ltd. Maracaibo Eocene 3, 400 
La Paz Venezuelan Oil Concessions Ltd. Maracaibo _—_ Eocene 27,000 
Cretaceous 

Tetones Caribbean Petroleum Company Mara Cretaceous 6, 150 
Las Cruces Colén Development Company Ltd. ~ Colén Eocene — 12;300 
Los Manueles Col6n Development Company Ltd. Colén Eocene 4,800 


OUTLINE OF GEOLOGICAL HISTORY OF MARACAIBO BASIN 
(Fig. 2) 

The geological history of the Maracaibo Basin is intricate and only partly 
known. Over large areas of the basin which are covered by the Maracaibo Lake 
and by the piedmont plains descending from the surrounding mountain ranges, 
only geophysical information is available. Even in some of the oil fields only a 
very small part of the sedimentary cover has been explored as yet and, in order to 
arrive at conclusions about conditions in the interior of the basin, the geologist 
has to rely on studies of the formations and structures exposed in the — 
highlands. 

Geologically, the pacumtian of the Maracaibo Basin, as we know it to- day, 
was quite recent. As far as can be judged at present, geological history was nearly ' 
identical over all of western Venezuela during Paleozoic and Mesozoic time. In ; 
the Eocene marked differences in facies developed in different areas, and it is only 
from the Miocene onward that we can discern the existence of the Maracaibo ! 
Basin as such. 

A thick series of sediments was formed during the Paleozoic era. Ordovician, 
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Devonian, and Permo-Carboniferous faunas have been reported from various 
localities in the Mérida Andes and the Perijé Range,’ where formations belonging 
to these systems are conserved in a non-metamorphic state. The greater part of 
the Paleozoic formations were, however, subjected to regional metamorphism 
during strong orogenic movements probably belonging to the Hercynian phase, 
which were accompanied by the intrusion of large igneous masses. 

The mountain ranges resulting from this orogeny were again levelled and part 
of the débris was deposited as the La Quinta formation which transgresses over 
the older formations. It is mainly composed of redbeds (conglomerates, sand- 
stones, and sandy shales), probably Triassic to Jurassic in age. 

New tectonic movements set in after the deposition of the La Quinta forma- 
tion. It is interesting to note that the main remnants of this formation are found 
to-day along a belt in the interior of the Mérida Andes, while it is missing in the 
northern and southern foothills in Petrélea, Tibti, La Paz, and Tetones (Fig. 1), 
where the Cretaceous transgresses onto metamorphic and igneous rocks. There is 
thus reason to believe that it is also missing over most of the Maracaibo Basin. It 
is not quite clear whether the La Quinta formation was deposited only in a trough 
which could be called the Triassic-Jurassic forerunner of the Andean geosyncline, 
or whether it was removed by erosion in areas of positive epeirogenic tendencies 
during early Cretaceous time, that is, in the early stages of the geosyncline. The 
La Quinta formation is probably also present in the interior of the Perijé Range. 

The Cretaceous begins with a transgression throughout western Venezuela. 
In the deeper parts of the Andean geosyncline it commences with the Lower 
Cretaceous, which lies unconformably on the La Quinta formation, but it has not 
been determined with certainty whether the earlier stages (Valanginian and 
Hauterivian) were deposited in western Venezuela. The lowermost Cretaceous 
formation (Tomén or Uribante), which is composed mainly of sandstone and some 
limestones, shows a distinct thinning from the geosyncline northward and is 
absent in the La Paz field, where the Cogollo formation of Aptian-Albian age 


- transgresses onto the basement. It is thus apparent that the area of the Maracaibo 


Basin remained uplifted and stable during the early Cretaceous in contrast to the 
Andean geosyncline where the Tomon formation reaches great thickness. 

During the Middle and Upper Cretaceous, sedimentation took place in an 
open, probably shallow sea. The formations are generally developed best in the 
Andean geosyncline where the facies is predominantly shaly. A calcareous facies 
has been observed in the northern half of the Maracaibo Basin, mainly in the 
Cogollo formation. 


4 P. Christ, “Coupe géologique le long du chemin de Mucuchach{ a Sta. Barbara dans les Andes 
vénézuéliennes,”’ Eclogae Geol. Helv., Vol. XX, No. 3 (1927). 

R. A. Liddle, Geology of Venezuela and Trinidad, pp. 97-101. Fort Worth (1928). 

L. Kehrer, ‘“‘Some Observations on Cretaceous and Pre-Cretaceous Beds in the Southwestern and 
Northern Central Parts of Venezuela,” Bol. Geologia y Mineria, Témé6 I, Nos. 2-4. Caracas (1938). 

R. A. Liddle, G. D. Harris, and J. W. Wells, “The Rio Cachirf Section in the Sierra de Perijé, 
Venezuela,” Bull. Amer. Palaeon., Vol. 27, No. 108 (1943). 

H. P. Schaub, “Fusulinids in La Quinta Formation, Venezuela,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 28, No. 11 (November, 1944). 
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A thin glauconite bed, which rests conformably on the La Luna formation and 
marks the base of the Colén formation, can be recognized in most Cretaceous 
sections. It probably indicates reduced sedimentation over an extended period 
and a change of environment, but this was not accompanied by emergence and no 
unconformity resulted. 

Facies distribution in the Tertiary does not seem to be greatly influenced by 
the Andean geosyncline, but rather by a geosynclinal trough in the region of the 
Falcén-Lara Mountains. In the western parts of the Maracaibo Basin a predom- 
inantly brackish facies with many coal seams is found throughout the Tertiary 
section, while marine beds such as orbitoidal limestones and shales commonly 
occur in the eastern half. The Eocene is much thicker in the marine than in the 
brackish facies. 

There are other important differences between the two areas. Sedimentation 
was uninterrupted in large parts® of the western half of the Maracaibo Basin from 
the Middle Cretaceous to the late Miocene, when the Andean orogeny took 
place. In the eastern half, on the contrary, several unconformities are known 
within the Tertiary section, and it is possible that the Eocene rests unconform- 
ably on the Cretaceous in certain areas, although this still remains to be proved. 
Of particular importance for the present study is the unconformity which sepa- 
rates Eocene and Miocene in the Bolivar District. . 

Tectonic movements started in late Eocene time (early Jacksonian) and were 
probably strongest during late Oligocene. Anticlines and synclines were formed, 
large-scale faulting occurred, and intensive erosion followed in the northern and 
eastern parts of the basin, in some places even denuding the basement. The re- 
sulting landscape was gradually submerged under the transgressing Miocene sea. 
During these pre-Andean movements the eastern, southeastern and possibly the 
northwestern rims of the Maracaibo Basin slowly took shape, while the south- 
western half remained undisturbed. 

The Andean orogeny probably began at the end of the Miocene and continued 
during the Pliocene, and only then were the Mérida Andes and the Perijé Range 
formed in their final shape, and the Maracaibo Basin closed in the south and 
west. The deepest part of the Maracaibo Basin remained relatively undisturbed 
during the whole orogenic cycle, except for pronounced subsidence, and was 
involved only slightly in the folding. Possibly sedimentation was never long in- 
terrupted in the center of the basin. It still continues to-day in Lake Maracaibo 
and in the swamps and lowlands at its southeastern end, under brackish condi- 
tions and possibly continuing subsidence. 

As a result of the development described a very thick cover of sediments has 
accumulated in the Maracaibo Basin. For comparison the thicknesses calculated 


® This is the case throughout the Colén District and neighboring areas of Tachira and Colombia, 
and also in the western Mara District. In the Perijé District, however, the Eocene is known to trans- 
gress on the Cretaceous. 
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in various parts of the basin have been compiled in Table II (Fig. 1 shows 


location). 
STRUCTURAL OUTLINE 


(Fig. 2) 

The present shape of the Maracaibo Basin is mainly the result of the Andean 
orogeny. Structural elements of former orogenic phases were involved in the 
Andean movements and may have pre-determined many structural trends which 
seem to be contrary to the general direction of the Andean movements. 

Mountain systems of Andean age border the Maracaibo Basin on three sides. 
On the west is the Perijé Range, which is the northern continuation of the 
Cordillera Oriental of Colombia. On the south rise the high peaks of the Mérida 
Andes. This range is separated from the Cordillera Oriental-Perija Range by a 
cross-depression in the region south and west of San Cristobal (Tachira depres- 
sion), which though still mountainous, is filled mainly with Tertiary sediments. The 
eastern rim of the basin is formed by the various mountain ranges of the states of 
Falcén, Lara, and eastern Zulia. 

On the north the basin is bordered by a foreland, which was not involved in 
the Andean folding and is to-day represented by the Goajira and Paraguana 
peninsulas and by the islands of Aruba, Curacao, and Bonaire. 


TABLE II 


THICKNESS OF SEDIMENTARY COVER IN VARIOUS PARTS OF 
MARACAIBO BASIN (IN FEET) 


. Colén Western Mara Bolivar 
Formati 
van District District District 
Miocene 10,000 or more 6,100 or more 8,000 or more 
Eocene 16, 2001 7,600? 17,000 minimum 
Cretaceous 5,000 4,900 5 ,0008 
Total 20, 200 or more 17,600 or more 30,000 or more 


1 Includes Oligocene. 
2 May include Oligocene beds. 
3 As Cretaceous is unknown in Bolivar District thickness measured in State of Trujillo was used. 


The strongest orogenic movements took place in the Mérida Andes. They 
resulted in the formation of a high mountain range with a metamorphic-igneous 
core, which is about go kilometers (67 miles) wide and extends 400 km. (240 
miles) from San Cristobal in a northeasterly direction. Strong thrusts can be 
observed along its northern foot. Toward the north follows a very deep synclinal 
trough known from gravimetrical surveys, which forms the deepest part of the 
Maracaibo Basin. It is compensated by a positive anomaly of comparable size in 
the interior of the mountains. This and the northeasterly, or Andean, trend of the 
trough, indicate the intimate relation of origin between the deepest part of the 
Maracaibo Basin and the Mérida Andes. 
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The Perijaé Range has a north-northwesterly trend in Colombia, but turns 
north-northeasterly north of Rio de Oro. Like the Mérida Andes it has an ig- 
neous-metamorphic core but the uplift was not as pronounced. A well defined 
east-west trend at the northern end of the Perija Range indicates that the Andean 
orogeny met with strong resistance in this area, which has to be sought in the 
Goajira-Paraguana foreland. 

In the Tachira depression, separating the Mérida Andes and the Perija 
Range, the structural trends of these two mountain systems (northeast and 
north to north-northwest) compete. Great shear faults are evidence of the strong 
stresses accompanying the orogeny in this area. The anticlines of the depression 
plunge north and northeastward and disappear, in part steeply, into the Mara- 
caibo Basin. Some folds of the Cordillera Oriental also plunge into the basin, and, 
of these, the Tarra anticline is the most outstanding (see Part V). 

Along the eastern rim of the Maracaibo Basin, north- and even northwest- 
striking structures are found although the general trend of the folds in the states 
of Lara and Falcén is northeasterly or Andean. In this area all anticlines turn 
sharply south out of a northeast-southwest trend and disappear with a strong 
southerly plunge into the basin. 

Very little is known of the tectonics inside the basin, but as a rule the struc- 
tures follow the trend of the nearest segment of the surrounding Andean system. 
La Paz and Concepcién in the Maracaibo District may be mentioned as instances. 
In general the Maracaibo basin deepens gradually from north to south and widens 
from 140 km. (86 miles) in the north to a maximum width of 250 km. (153 miles) 
in the middle. Farther southwest it narrows gradually and disappears in the 
region south of Ciuicuta. 

The origin of the Maracaibo Basin, and particularly the reason for this area 
being so little involved in the Andean orogeny, are matters for much speculation.® 


Part II. Bottvar Coast FIELDS 
(Figs. 3-6) 
INTRODUCTION 


The Bolivar Coast fields of the Venezuelan Oil Concessions Limited stretch 
along the eastern shore of Lake Maracaibo nearly 70 km. (43 miles). From the 
northern end of the Cabimas field a continuous reservoir of Miocene sands ex- 
tends to the southern end of the Lagunillas field, somewhat more than 50 km. 
(30 miles). Here it is interrupted by the Eocene uplift of Pueblo Viejo but may 
well be continuous under the lake, and corresponding formations are also oil- 
bearing in the Bachaquero field. Furthermore, the reservoir reaches into the area 
covered by Lake Maracaibo, where it is exploited by the Mene Grande Oil 


® R. A. Liddle, “Tectonics of the Maracaibo Basin,” Bull. Amer. Assoc. Petrol. Geol., Vol. 11, No. 
2 (1927). H. de Cizancourt, “Tectonic Structure of Northern Andes in Colombia and Venezuela,” 
ibid., Vol. 17, No. 3 (March, 1933). 
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Company which holds a narrow strip of concessions along the shore (Fig. 3), and 
by the Creole Petroleum Corporation whose concessions extend far over and in 
places-across the lake. 

It is clear that a comprehensive study of the reservoir should include the fields 
operated by the three companies. Information is exchanged among the competing 
companies, and all general maps of the Bolivar Coast fields drawn by the ex- 
ploitation engineers of the Venezuelan Oil Concessions Limited are based on data 
from the whole producing area. This is also the case with the original maps, 
which are used for publication in the present symposium (Fig. 3). They contain a 
structural interpretation of the whole reservoir and, although it is impossible to 
print them completely on account of limitation of space, a large part of the lake 
area is included, and it is hoped that this will help the reader to connect the land 
area discussed here with the lake area described in the paper prepared by the 
Creole Petroleum Corporation. 


STRATIGRAPHY 


The most important stratigraphical feature in the Bolivar Coast fields is the 
unconformity along which the Miocene transgresses onto the Eocene, since it 
played a major part in the oil accumulation. 

Much attention has been given the stratigraphy of the Miocene, from which 
99 per cent of the production of the Venezuelan Oil Concessions Limited in the 
Bolivar Coast fields is derived. The Eocene, on the contrary, was explored by 
comparatively few wells, notably by the Pueblo Viejo wells and recently by deep 
tests in the Cabimas field (R—801: 13,034 feet), and on the Curazao anticline 
(CC-2A: 15,106 feet). The correlation of the formations throughout the fields is 
assembled in Table III. Type logs of the producing formations accompany the 
discussions of the various fields (Figs. 7-11). 


EOCENE 


The Eocene of the Bolivar Coast area is subdivided into three formations, 
from top to bottom: Mene Grande formation, upper Micaceous sandstone,’ and 
lower Micaceous sandstone.’ 

Lower Micaceous sandstone-—The lower Micaceous sandstone is a monoto- 
nous, thick series of dark gray to black, carbonaceous and micaceous sandy shales 
interbedded with micaceous sandstones. A few outstanding sandstone bodies have 
been recognized in this formation. As an example, may be cited the Pueblo Viejo 
Main sandstone (Fig. 10), which is situated well below the top of the formation 
and produces oil in the Pueblo Viejo field. It is fine- to coarse-grained, in places 
pebbly, quartzitic, and has little porosity and permeability. 

The lower Micaceous sandstone is the approximate equivalent of the Misoa- 
Trujillo formation of the Mene Grande field. This predominantly sandy formation 


7 These formation names are not very satisfactory and should be replaced as soon as good type 
localities and definitions can be agreed on. 
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Fic. 7b.—Type section of producing formations in Cabimas field. Circles indicate productive 
zones; letters indicate marker horizons used for local correlation. Upper Sta. Barbara sand is missing 
in area between Main and Ambrosio faults. 
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Fic. 8.—Type section of producing formations in northern Tia Juana field. Includes Eocene, 
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POROSITY AND PERMEABILITY DETERMINATION 
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grades into the lower Micaceous sandstone in the region between Mene Grande 
and Bachaquero. The faunas of both formations are poor, and do not permit a 
direct age determination. Regional correlation, however, suggests middle Eocene 
age. 

The total thickness of the lower Micaceous sandstone in the Bolivar Coast 
fields is unknown, but must amount to more than 10,000 feet. The Venezuelan 
Oil Concessions Ltd. has substantial production from this formation only at 
Pueblo Viejo but large amounts of oil are obtained from sand bodies of similar 
stratigraphic position on the Lake concessions of the Creole Petroleum Cor- 
poration. Poor showings in the formation were reported in the Cabimas deep test. 

Upper Micaceous sandstone.—The upper Micaceous sandstone is a series of 
micaceous shales, sandy shales, and sandstones, which overlies the lower Mica- 
ceous sandstone with a transition. It corresponds approximately with the Pauji 
formation of the Mene Grande area. Between Mene Grande and Cabimas a grad- 
ual change occurs from a shaly facies in the southeast to a sandy-shaly develop- 
ment in the northwest. 

Several subdivisions based on microfaunas help to establish the structure of 
the Eocene beneath the Miocene transgression. 

About 300 feet of oil-impregnated sandstone belonging to this formation have 
been found in some wells of the Lagunillas field. This sandstone contributes 
little production, however. Small production was also obtained from the upper 
Micaceous sandstone in the early Cabimas wells, but this oil was usually produced 
together with the Miocene oil. 

The total thickness of the formation in Lagunillas amounts to about 2,300 
feet. 

Mene Grande formation.—The type locality of the Mene Grande formation is 
in the Mene Grande field of the Caribbean Petroleum Company. On the Bolivar 
Coast it is present only in the Bachaquero field, where it consists of 400-500 feet 
of shales in the middle of the Eocene-Bachaquero syncline just beneath the Mio- 
cene unconformity. This thickness represents the basal part of the formation, 
which is easily recognized because of its typical fauna. Paleontological studies 
suggest a high middle Eocene age. 


PRE-MIOCENE PENEPLAIN 


Most wells in the Bolivar Coast fields are drilled only a few feet into the Eo- 
cene, mainly in order to make sure that the whole Miocene has been perforated. 
It is thus possible to draw a fairly accurate contour map of the Miocene uncon- 
formity (Fig. 3). Many cores and dip-meter readings were taken in the Eocene 
and have been used to map the distribution of the Eocene formations below the 
unconformity and to determine the character of the structures in the Eocene. 

At the time of the Miocene transgression the Eocene had already been folded, 
faulted, and eroded. The older beds were exposed on the anticlines, for instance, 
on the Pueblo Viejo anticline which formed an outstanding ridge of hard sand- 
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stones. As a whole, however, the erosional surface must have been a peneplain 
rather similar to the one exposed at present in the northwestern Bolivar District, 
north of the Cabimas field. 


MIOCENE 


The Miocene is subdivided into four formations, from top to bottom: La 
Puerta, Lagunillas, La Rosa, and Icotea.* These in turn are subdivided in the 
various fields for purposes of local correlation, as shown in Table III. A short de- 
scription of the different formations follows, but for more detailed studies we refer 
to the papers by M. W. Haas and R. G. Hubman,® G. E. Manger,!® and W. S. 
Hoffmeister." 

Some remarks on the age of these formations may be added. Only the La Rosa 
and Lagunillas formations contain faunas which allow age determinations. 
Formerly, some controversy reigned regarding the age of the La Rosa formation, 
which was placed alternately in the lower Miocene or the upper Oligocene but 
to-day the Miocene age of the formation seems to be generally accepted. Very 
few fossils were found in the Icotea formation, which is usually assigned to the 
Oligocene on the strength of its position below the La Rosa formation. 

For the purpose of this paper we have grouped these formations under the 
heading Miocene, because we believe this to be the age of the La Rosa formation 
and because we have no definite proof that the Icotea formation belongs to the 
Oligocene. In addition, the beds from the base of the Icotea to the top of the La 
Puerta represent one cycle of sedimentation intercalated between two phases of 
strong orogenic movements, and should be discussed as a whole. It should be 
borne in mind, however, that this cycle may already have started in the Oligo- 
cene. 

Icotea formation——The Icotea formation consists mostly of non-stratified, 
white sandy clay or clayey sandstone, in places some green sandstone or mottled 
clay at the base. The scarcity of fossils and the abundance of sideritic spherulites 
are characteristic. The origin of the formation is conjectural; possibly deposition 
of eolian material took place in very shallow water under brackish and perhaps 
reducing conditions. 

The greatest thickness is found in the Cabimas field (130 feet) and here a 
coaly shale forms the top of the formation. The type locality, Punta Icotea, is 
situated in this field. The formation decreases in thickness in a southerly direction 


8 Although Icotea is the accustomed spelling it would be more correct to use Hicotea or Jicotea, 
the Latin-American word for land turtle. 

°M. W. Haas and R. G. Hubman, “Notes on Stratigraphy of the Bolivar Coastal Fields, Mara- 
caibo Basin, Venezuela,” Bol. Geologia y Mineria, Tomo I, Nos. 2-4. Caracas (1938). 

10 G. E. Manger, “Notes on the Stratigraphy of the Younger Tertiary Formations of the Bolivar 
Coastal District, State of Zulia, Venezuela,” ibid., Tomo II, Nos. 2-4. Caracas (1938). 

1 W. S. Hoffmeister, “Aspect and Zonation of the Molluscan Fauna in the La Rosa and Lagunillas 
Formations, Bolivar Coastal Fields, Venezuela,” ibid 
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and is absent in the southern part of the Cabimas field. It occurs also in parts of 
the Tia Juana field (20 feet), the northern Lagunillas field (25 feet) and in the 
western half of the Bachaquero field. 

Some oil is produced from this formation in the Cabimas field. 

La Rosa formation.—The type locality of the La Rosa formation is the Cabi- 
mas field (formerly La Rosa field), where the formation reaches its maximum 
thickness (750 feet) in the Icotea syncline. It decreases in a short distance south- 
ward to approximately 130 feet and less in Tia Juana, 130 feet and less in North 
Lagunillas, and approximately go feet in Bachaquero. 

The formation lies conformably on the Icotea formation where this is present, 
but it extends much farther than the Icotea and transgresses onto the Eocene. 
The sharp lithological change from the Icotea to the La Rosa indicates some in- 
terruption in sedimentation, which is confirmed by the presence of a coaly shale 
at the top of the Icotea in the Cabimas field. 

The La Rosa formation is absent over many areas of the fields and apparently 
was deposited only in the lower parts of the region. In Cabimas it can be sub- 
divided on paleontological evidence into upper and lower La Rosa, but this sub- 
division can be followed only as far as Tia Juana. Farther south the Lower La 
Rosa seems to be absent, probably on account of progressive transgression. 

The La Rosa formation produces oil in the Cabimas field, in Tia Juana, in 
North and South Lagunillas, and in part of the Bachaquero field. 

The lower La Rosa of Cabimas is generally composed of gray sands and sandy 
shales, with green shale and sand intercalations. The faunal characteristics are 
stunted foraminifera and a macrofauna which is poor in comparison with that 
found in the upper La Rosa. Biological conditions were still unfavorable for the 
development of a good marine fauna, but better than during Icotea time.” The 
lower La Rosa contains the Santa Barbara sands in its lower part. They are in 
places subdivided by a shale wedge into an upper and lower sand. Good light oil 
is produced from the Santa Barbara sands. 

The upper La Rosa of Cabimas consists mainly of greenish shales and sands. 
It is characterized by the presence of a rich, marine fauna which proves that the 
area of the Bolivar Coast fields was connected with the open sea. 

The upper La Rosa apparently extends farther over the Eocene than the lower 
La Rosa. Between Tia Juana and Bachaquero it is probably replaced laterally by 
sediments of a more terrigenous character, which can not be separated from the 
similar sediments of the Lagunillas formation. 

In some parts of Cabimas field the upper La Rosa contains a thin sand at its 
base, which is of small importance for production (Intermediate sand). The 
upper half of the formation is the so-called La Rosa sand, from which excellent 
production was obtained in some parts of the Cabimas field, while in others it is 
shaly and accordingly less productive. 


12 For details on the faunal zones, see W. S. Hoffmeister, op. cit. 
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Lagunillas formation.—The type locality of the Lagunillas formation is the 
Lagunillas field, where the formation consists mainly of sands and variously 
colored interlaminated shales and is approximately 1,000 feet thick. 

The lower part of the formation is formed by a group. of lenticular sands, 
which are 200-230 feet thick. They are the main oil reservoir in the Tia Juana 
field, where an upper and lower sand are recognized, and in the Lagunillas field 
where the sands are subdivided into Heavy Oil zone, Light oil zone, and lower 
Light Oil zone in accordance with small differences in the gravity of the oil which 
they contain. 

These sands are overlain by a zone of fissile shales and interlaminated sands, 
which contain faunas of brackish, in rare cases marine character. The thickness of 
this zone is about go feet in the Lagunillas field. At its top a discontinuous, lentic- 
ular fossil horizon occurs over large areas and has been used for correlation under 
the name of First Fossil horizon. In Cabimas it is underlain by a lignite bed, 
while in Tia Juana and most parts of the Lagunillas field a glauconite zone is 
found either just above the fossil horizon or a little higher. 

The remainder of the formation is sandy and lignites are fairly common. In 
Lagunillas the sands of this upper part of the formation contain very heavy oil 
and are therefore called the Lagunillas Tar sands. They are thought to correspond 
with the productive Bachaquero sands in the Bachaquero field but this correla- 
tion is conjectural. 

The Lagunillas formation rests conformably on the La Rosa formation where 
present. Elsewhere, it transgresses over the Eocene and thus extends over larger 
areas than the La Rosa formation. The change from the marine facies of the La 
Rosa to the more brackish facies of the Lagunillas formation is sudden but there 
are a few thin marine recurrences in the latter. Lignites in the upper part of the 
Lagunillas formation suggest a brackish-water facies. 

La Puerta formation.—The La Puerta formation, which is named after a local- 
ity in the State of Falcén, is composed mainly of mottled clays, silt, and sands. 
The upper part contains water-bearing sands in Lagunillas and Bachaquero. 

The La Puerta formation rests conformably and transitionally on the Lagunil- 
las formation. On the Pueblo Viejo anticline, which was the highest part of the 
pte-Miocene peneplain, the La Puerta formation transgresses over the Eocene. 
In this area oil showings were observed in it, but no oil was produced. 

Its maximum thickness in the Lagunillas and Bachaquero fields is 3,500 feet 
but it thickens considerably downdip from the producing areas. 

Conclusions.—In conclusion it can be said that the Miocene transgresses pro- 
gressively over the pre-Miocene erosional surface. The older formations filled the 
topographical depressions on this surface, while the younger formations trans- 
gressed farther over the Eocene, presumably on account of continuous subsidence. 
Thus, most horizons were sealed off along progressive shore lines, a fact which 
was of primary importance for the accumulation of oil. 

Subsidence was, however, not regular and not of the same magnitude over the 
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whole Bolivar Coast. There are areas where the Icotea formation, for instance, is 
present, but the La Rosa is missing. The marine invasion of the upper La Rosa 
presumably indicates a more rapid rate of subsidence which opened the Mara- 
caibo Basin to the sea. During La Rosa times deposition decreased from Cabimas 
toward Lagunillas and as the facies remains much the same over the whole area, 
we can assume that subsidence was greater in the north than in the south. The 
whole Miocene sedimentation took place in shallow water with many currents 
and was very lenticular, with local unconformities and lateral changes from 
marine to brackish-water facies. The Eocene uplifts were probably a source for 
the Miocene sands. 


POST-MIOCENE DEVELOPMENT 


After deposition of the La Puerta formation sedimentation was interrupted 
and major folding set in. The existing Eocene structures were rejuvenated and 
accentuated. 

A period of uplift and erosion must have followed, and thereafter the lower 
parts of the Bolivar District were covered by Lake Maracaibo in which were 
formed very young, predominantly sandy beds known as the Milagro formation™ 
(Pliocene or Pleistocene). These beds are exposed north of Cabimas along the 
lake shore, and cover the areas of the fields. Their thickness may amount to about 
300 feet. The lake receded again after the deposition of the Milagro formation and 
the area of the Bolivar Coast fields was then exposed to the levelling actions of 
erosion and alluvial sedimentation. 


STRUCTURE 


(Figs. 3-6) 

The structure of the Bolivar Coast fields can be briefly described as two broad 
synclinoria separated by the narrow Pueblo Viejo uplift and affected by a south- 
southeast striking fault system. The northern or Cabimas-Lagunillas synclino- 
rium includes the Cabimas, Tia Juana, and Lagunillas fields. It is subdivided by 
two very gentle southwest-plunging uplifts at Punta Benitez and Tia Juana into 
the flat synclinal area of Lagunillas and the more accentuated synclinal zone of 
Cabimas. 

The uplift at Punta Benitez probably represents the plunge of the Curazao 
anticline, which is exposed east of Cabimas and turns sharply southwest out of a 
west-northwest strike. The Punta Benitez and Tia Juana uplifts influence the 
Miocene unconformity only slightly, and no further movement took place after 
the deposition of:the Miocene. 

The Lagunillas synclinal area is well expressed in the Eocene, where the 
youngest formations are found only in its deepest part adjacent to the Pueblo 


18 See H. D. Hedberg and L. C. Sass, of. cit. 
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Viejo anticline. Above the Miocene unconformity the syncline is so wide that it 
can be considered as a southwest-dipping monocline. 

The Cabimas synclinal area is subdivided into the Cabimas and Ambrosio 
synclines by the narrow Icotea anticline which had a marked influence on the 
Miocene deposition and was accentuated again in the last phase of folding. 

The Cabimas synclinal zone is situated between the Eocene uplift of Curazao- 
Punta Benitez in the southeast and the high Eocene area in the northwestern 
Bolivar District. 

The Pueblo Viejo anticline is the highest structure in the Bolivar Coast and 
the oldest Eocene sediments known in the fields are found on it just below the 
Miocene transgression. During most of the Miocene this uplift was not submerged 
and it separated the Lagunillas area from the Bachaquero area, a fact which is 
made plain by the different stratigraphical development in these fields. During 
and after deposition of the La Puerta formation the anticline was accentuated by 
Andean movements. 

The Pueblo Viejo anticline plunges southwest and is a continuation of the 
East Lagunillas anticline exposed farther northeast. It has a very steep northwest 
flank, which is possibly associated with some thrust movements. The south flank 
is less inclined. 

Southeast of the Pueblo Viejo anticline and stretching as far as the Mene 
Grande field is another wide synclinal zone, called Bachaquero or Machango- 
Sibaragua synclinorium. It deepens strongly in a southwesterly direction, where- 
as on the northeast it is surrounded by the Eocene uplifts of the Pueblo Viejo- 
Misoa arch. 

The Bachaquero field is situated in this synclinorium on the southeast flank of 
the Pueblo Vieio anticline. The synclinorium is so wide here that the structure of 
the field is monoclinal. 

A south-southeast-striking fault system has been fairly well established in the 
Lagunillas-Cabimas synclinorium. The Icotea fault, the Cabimas Main fault, the 
Cabimas Boundary fault and the Lagunillas fault belong to it, to mention only 
the most important. Movements along these faults occurred probably twice, 
before and after the deposition of the Miocene. On the first occasion steeply 
dipping step faults were formed, each causing a considerable downthrow toward 
the east. The faults were revived during the latest tectonical movements, but 
this time the displacement was apparently mainly horizontal, for instance on the 
Pueblo Viejo anticline. 


ACCUMULATION 


Although very large quantities of Eocene oil are being produced from the 
Creole’s concessions in the lake, oil accumulation in the Eocene has so far been of 
minor importance in the Bolivar Coast fields of the Venezuelan Oil Concessions 
Limited. 

The only Eocene oil produced separately comes from the Pueblo Viejo field. 
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Accumulation took place on the crest of an anticline, but is affected by cross 
faults and overlap of the Miocene. As far as can be ascertained from cores, the oil 
appears to occur in sandstones of low porosity and permeability, and the pro- 
ducing reservoirs are probably fractures. 

Small accumulations also exist in Cabimas, southern Tia Juana, Lagunillas, 
and Bachaquero. 

The accumulation in the Miocene is due to combinations of favorable struc- 
tural and stratigraphical conditions. The oil is found in the wide synclinal areas 
between the Eocene uplifts where it has migrated updip in the Miocene and ac- 
cumulated just above the unconformity. The oil occurs in gradually younger 
deposits from Cabimas to Bachaquero, due to the progressive transgression of the 
Miocene. The most important causes for trapping are facies changes involving 
decrease of permeability and porosity, lenticularity of the sands and their wedging 
against the Eocene, and faulting which for instance influences accumulation in 
the Cabimas field, where the sands are water-bearing east of the so-called Bound- 
ary fault. 

In the Cabimas field the specific gravity of the oil decreases gradually down 
structure. This is apparently connected with a further cause for trapping, namely, 
the clogging of sands by heavy residue near the outcrop of the oil sands. Seepages 
of heavy oil are found there along the outcrops of the La Rosa formation which is 
productive a short distance downdip. 

Gravity stratification of the oil seems to occur in the Miocene of all fields. 
The older formations probably contain lighter oil than the younger ones, in any 
locality, but as the different sands are normally produced together there is little 
information available on this point. 


CABIMAS FIELD 
SITUATION AND DEVELOPMENT 


The Cabimas field of the Venezuelan Oil Concessions Limited is the northern- 
most of the Bolivar Coast fields. It is situated partly in the swampy alluvial plain 
of Rio El Mene, partly on dry, slightly elevated level terrane stretching from 
Punta Icotea to the Eocene outcrops east of the field, and partly in the swamps 
bordering the shore of Lake Maracaibo southeast of Punta Icotea. Some drainage 
work was necessary in the northern part of the field. 

Drilling was commenced in this area in 1913, mainly because of oil seepages 
north and east of the field. The discovery well was a small pumper only, but it 
revealed the first major producing field in Venezuela and was the forerunner of 
further prolific fields in the Maracaibo Basin. Development of the field went on 
until July, 1943, when drilling was suspended. The most spectacular well in this 
field was Barroso 2 (renamed R-4) which blew out and flowed at the rate of 
approximately 10,000 barrels per day for g days, until it sanded up. 

On March 5, 1929, the first electrical well log made outside of France was run 
by the Schlumberger Company in the Venezuela Oil Concessions’ well R—216. It 
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was a resistivity survey and gave encouraging results. By 1930 electrical logging 
became the general practice in the oil fields of the Royal Dutch-Shell group in the 
Maracaibo Basin, long before the method was generally applied and its value 
recognized in the United States. 

To-day the proved area of the Venezuelan Oil Concessions’ Cabimas field has 
an extension of 11.5 km. (7 miles) north and south and 7 km. (4.3 miles) east and 
west. The reservoir reaches far under Lake Maracaibo, however, and the field is 
continuous with the Ambrosio, La Rosa, and Punta Benitez fields of the Mene 
Grande Oil Company and the Creole Petroleum Corporation. An offset agree- 
ment with these companies controls the exploitation along the lake shore. 


OIL AND GAS RESERVOIR 
(Fig. 7) 

The main production of the Cabimas field is derived from the Miocene for- 
mations. Some oil has been produced from the top of the Eocene in the central 
part of the field, but it is insignificant compared with that from the Miocene. 

In the Miocene the following producing sands are recognized from top to 
bottom. 


Upper Heavy Oil group) Gravity of oil varies from 15.1° to 

Lower Heavy Oil group/ 13.2° A.P.I. (S.G. 0.965-0.97 8) 

La Rosa sand Gravity ranges from 24° to 20. 5° A.P.I. (S.G. 0.910-0.931) 

Santa Barbara sands Gravity ranges from 27.5° to 24. 8° A.P.I. (S.G. 0.899-0.905) in southern 
half of field, but increases to 15.9° (S.G. 0.960) in northern half where sands 
are still productive only 800 meters south of seepages accompanying their 
outcrops 

Icotea sand Productive in northern half of field, where gravity varies from 22.3° to 
19° A.P.I. (S.G. 0.920-0.940) 

In general the specific gravity of the oil decreases from top to bottom in the 
oil-bearing section. The small accumulations in the Eocene are an exception, as 
the Eocene oil is in some places heavier than the Miocene oil. This may be due to 
inspissation. 

The various sands are usually produced together. They are unconsolidated 
and the effective porosity amounts to 25 per cent at least. 

The total thickness of productive sand, comprising the lower Lagunillas, La 
Rosa, and Santa Barbara sands, is approximately 80 feet over an area of more 
than 5,000 hectares (12,350 acres). Water is not a serious problem in this field, 
and is found only in certain areas where it is probably connected with faulting. 


DRILLING AND COMPLETION PRACTICE 


At present there is no drilling in the Cabimas field. A deep test was drilled 
during 1944 and the first half of 1945. It reached a depth of 13,034 feet and was at 
that time the deepest well in South America. 

When exploitation drilling was last carried out, wells were drilled with a 
Franks portable outfit, and depths varied between 1,000 feet and 2,500 feet. A 
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slim-hole technique was used, and wells were completed with an 83-inch surface 
string and 43-inch oil string. 
Drilling times were very short because the formations are soft and the holes 


TABLE IV 
PRODUCTION STATISTICS OF CABIMAS FIELD 


ANNUAL PRODUCTION 


Year Barrels 

1917-1922 inclusive 506,122 
1923 2,287 
1924 2,652,604 
1925 4,152,682 
1926 10,575,831 
1927 10, 249,854 
1928 14,859,936 
1929 21,845,701 
1930 17,752,341 
1931 13,537,939 
1932 1555575738 
1933 14,939,654 
1934 11,383,462 
1935 8,728,614 
1936 8,116,041 
1937 8,200,150 
1938 8,889,198 
1939 8,693 ,902 
1940 8,652,270 
1941 8,332,134 
1942 6,294,333! 
1943 8,626,868 
1944 71990, 707 
1945 6,960,972 
Total 227,501,340 


1 Production affected by adverse shipping situation. 


PRODUCTION DURING DECEMBER, 1945 


Total Daily Daily No. of 
Production Average Potential Producing 
(Barrels) (Barrels) (Barrels) Wells 
Flowing ~- 245 245 4 
Gas lift oo 2,490 2,520 62 
Pumping — 15,120 15,120 525 
Total 558,509 17,855 17,885 591 


shallow—in the more recent drilling campaigns wells were completed in an aver- 
age of 4-5 days. A 43-inch combination string with 0.012-inch gauge screen pipe 
was cemented through ports above the entire productive zone, and the wells were 
washed into production. Wells were generally completed with a light oil-base 
mud as circulating fluid, because of the possibility of damage to the low-pres- 
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sure formations and the difficulty of cleaning the screen when using clay muds. 
Practically no coring has been carried out in recent wells, but ealier wells were 
cored fairly extensively. Correlation is now made entirely by means of Schlum- 


TABLE V 
CHARACTERISTICS OF CABIMAS CRUDE OIL 


GENERAL 
Type Asphaltic 
Specific gravity 0.90 to 0.96 
A.P.1. gravity range 25.7° to 15.9° 

CRUDE OIL TAKEN FROM MAIN STORAGE TANK ON APRIL 2, 1945 
Specific gravity 60/60°F. 0.9252 
A.P.I. gravity ar.4° 
Color by reflected light Black 
Color by transmitted light Dark brown 
Viscosity Engler at 30°C. 3° 
Viscosity Engler at 50°C. 594° 
Flash point Below 50°F. 
Pour point test Below 32°F. 
Parafline wax 0.72% 
Setting point of parafline wax 
Sulphur 1.8% 

Initial boiling point 67°C. 


CRUDE OIL RECEIVED IN CURACAO DURING DECEMBER, 1045 
Yields by volume 


Gasoline 11.99% 
Gas oil 10.41% 
Fuel oil 76.60% 
Properties of products 
Gasoline 
Specific gravity at 60°F. 0.752 
Distilling up to 100°C. (A.S.T.M.) 18% 
F.B.P. (A.S.T.M.) 205°C. 
Octane number (C.F.R. motor method) .- 56 
Gas oil 
Specific gravity at 60°F. 0.850 
Distilling up to 300°C. (A.S.T.M.) 85% 
Sulphur content 0.57% 
Diesel index 49.7 
Fuel oil 
Specific gravity at 60°F. 0.963 
Viscosity Redwood I at 100°F. 3,540 Sec. 


berger electrical logging. Fairly good correlation was also obtained with gamma- 
ray logging through the casing of wells completed before Schlumberger logging 
was available. 

PRODUCTION 


A total of 818 wells had been drilled by the Venezuelan Oil Concessions in the 
Cabimas field to the end of 1945. At that time 591 were producing (flowing 4, 
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gaslift 62, pumping 525) and 129 had been abandoned. The remainder were not 
producing on account of high gas-oil ratios, mechanical condition, et cetera. In 
December, 1945, this field had a daily potential of 17,885 barrels and was produc- 
ing to full capacity. 

Initial production rates were low when the last exploitation wells were drilled 
in 1943, and averaged about 60 barrels per day, as the field was already in an ad- 
vanced state of depletion. Most remaining locations are interspaced wells between 
existing drainage points with the object of obtaining maximum recovery. The 
field now has a low rate of decline, of the order of 13 per cent per month. The pro- 


TABLE VI 


PRESSURE DECLINE IN SOME WELLS IN CARIMAS FIELD 
(Pounds per square inch) 


Depth Pounds Pounds 
Final Top Pressure _ Pressure — Total 
Well Depth Second Top M wi h Tap M wd h Recovery 
(Feet) Level Second Ye ' Second a Barrels 
(Feet) Level Level 

R-272 2,175 2,066 77 27-7-37 ° 2-7-41 597,129 
346 2,240 2,169 324 7-8-37 278 8-7-41 393,697 
348 2,170 2,063 187 7-8-37 92 9-7-41 427,588 
369 1,868 1,763 329 9-8-37 45 9-7-41 1,009,885 
423 1,770 1,580 230 12-8-37 118 30-6-41 768,707 
459 1,969 1,725 171 19-8-37 52 2-7-41 1,189,747 
473 1,156 1,013 174 28-6-37 30 2-7-41 474,247 
476 1,510 1,360 325 9-6-37 110 3-7-41 104,578 
488 1,832 1,627 224 I-7-37 76 4-7-41 328,546 
508 957 815 130 9-7-37 35 7-7-41 642,171 


duction history of the wells shows no water drive characteristics and production 
is of the dissolved gas-drive type. 

Production statistics of the Cabimas field are given in Table IV and data on 
the oil produced are assembled in Table V. 

Gas-oil ratios are generally low and average 690 cubic feet per barrel. Average 
daily gas production during December, 1945, amounted to 12,250,000 cubic feet, 
of which 8,280,000 cubic feet were used in the field as fuel and also for gas-lift 
work after stripping off gasoline. A compressor plant, which in December, 1945, 
had a daily throughput of 6,400,000 cubic feet, supplies high pressure gas for the 
gas lift wells. The gasoline recovered from the compressor plant amounted to 
65,400 barrels in 1945, or approximately 0.9 per cent of the total crude-oil pro- 
duction. It is blended with the crude oil for shipment to Curacao. 

Some years ago a gas-drive experiment was considered, but the scheme was 
not put into effect due to the experience of one of the Venezuelan Oil Concessions’ 
competitors, the Lago (now Creole) Petroleum Corporation, who experimented 
for several years with repressuring in two areas in the lake opposite the Vene- 
zuelan Oil Concessions’ wells, but finally abandoned it as being uneconomical due 
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to the early blowing through of gas. No further work of this nature is contem- 
plated at present. 

The original reservoir pressure of the field is unknown but is estimated to 
have been approximately 1,050 pounds per square inch at an average depth of 


TABLE VII 
ANALYSIS OF WATER FROM CABIMAS FIELD 


Field: Cabimas Date sample collected: July 7, 1944 
Well No: R-789 Date sample analyzed: July 20, 1944 
Depth: 1,236 feet Method of sampling: At well head 


Color: Colorless, clear 
Odor: Of petroleum acid soapsf after filtration 
is not present 

Free CO: is present and is 12 mgms. free CO: per liter 

Naphthenic acids were not determined 

Total alkalinity is equivalent to 1,648 mgms. CaCQ; per iiter 
Total hardness is equivalent to 378 mgms. CaCO; per liter 
Temporary hardness is equivalent to 378 mgms. CaCQ; per liter 
Permanent hardness is equivalent to Nil 


MODIFIED REISTLE SYSTEM 


Equivalent 
Radical Values without 
Adjustment 
Sodium (incl. potassium) Na’ 1,739 75.61 
Calcium Ca” 54 2.70 
Magnesium Mg” 59 4.85 
Positive sub-total 83.16 
Chloride cy 1,780 50.20 
Sulphate SO,” Nil _ 
Carbonate CO,” Nil 
Hydrocarbonate HCO;” 2,011 32.096 
Negative sub-total 83.16 
Grand total 5,643 166.32 
PALMER’S SYSTEM 

Total reaction value in mgms. H per liter 66 mgms. 

Chloride salinity 100% 

Primary salinity 60% 

Primary alkalinity 31% 

Secondary alkalinity 9% 

Note: Sodium by difference 
Remarks: Formations open to production: La Rosa, Santa Barbara and Icotea sands 
Laboratory San Lorenzo 


2,200 feet. A pressure-bomb survey was made for the first time in 1937, and was 
repeated in 1941. For comparative purposes the pressure decline observed in 
some wells is given in Table VI. Most wells ceased to flow long ago and are pro- 
duced by artificial lifting methods (gas lift, central pumping powers, individual 
and twin pumps). 
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Water problems in the producing zones of this field are not of major impor- 
tance, but care has to be taken in locating the water shut-off due to varying 
depths of the overlying water-bearing sands. 

None of the water found so far in this field is suitable for domestic use. An 
analysis of water from the producing levels is given in Table VII. 

The area of proved production of the Cabimas field is more than 5,000 hec- 
tares (approximately 12,350 acres). The wells were originally arranged on a grid 
of 400 meters triangular spacing (approximately 34-acre spacing) and a few loca- 
tions are left for drilling on this grid. Many interspaced wells were drilled at 231 
meters (approximately 11-acre spacing). There is still the possibility of opening 
the Upper Heavy Oil group, which has been produced lately, but in a few wells 
only. It is estimated that a fair number of productive wells could be drilled to 
this horizon. Additional small amounts of oil can probably also be produced from 
the Eocene just below the unconformity. 

The oil produced in Cabimas is shipped by shallow-draft tankers to Cura- 
cao for refining. 


TIA JUANA FIELD 
SITUATION AND DEVELOPMENT 


The Tia Juana field of the Venezuelan Oil Concessions Limited is situated 
about half-way between Cabimas and Lagunillas near the shore of Lake Mara- 
caibo on the swampy, alluvial plains of Rio Tamare and Rio Ule. Considerable 
drainage work was necessary to keep out the flood water of these rivers. Further- 
more, some subsidence was observed in this field, which entailed the building of a 
sea-wall and pump stations to prevent flooding by the water of the lake. Maximum 
subsidence amounted to 0.96 meter (3 feet) from 1937 to 1943. 

There are no oil seepages in the region of Tia Juana, and structural conditions 
are hidden by alluvium. The field was discovered by an extensive outstepping 
campaign conducted by the Lago Petroleum Corporation (now Creole Petroleum 
Corporation) in its lake concessions in 1928. The Venezuelan Oil Concessions 
Limited started exploitation in 1936. Development of the field was temporarily 
discontinued in July, 1940, but drilling was resumed in January, 1946. 

The Venezvelan Oil Concessions field extends 63 kilometers (4 miles) north 
and south along the lake shore, and about 2} kilometers (13 miles) eastward. 
Several outstep wells have been drilled still farther inland. The reservoir of the 
Tia Juana field stretches far under Lake Maracaibo, and is continuous with the 
reservoir of the Tia Juana and Punta Benitez fields which are exploited by the 
Mene Grande Oil Company and the Creole Petroleum Corporation. An offset 
agreement with these companies controls exploitation along the lake shore. 


OIL AND GAS RESERVOIR 

(Fig. 8) 
Nearly all the oil and gas of the Venezuelan Oil Concessions’ Tia Juana field is 
obtained from two productive levels at the base of the Lagunillas formation 
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which are separated by a thin shale break. The oil of both sands is characterized 
by the absence of light components. It varies in gravity from 16.0° to 10.5° 
A.P.I. (specific gravity 0.959-0.996). 

The oil accumulation occurs on a fairly regular southwest-dipping monocline 
which is part of the wide Lagunillas-Cabimas synclinorium: The northern updip 
limit appears to be determined by a change from sand to shale facies in the 
Lagunillas sands and the southwestern (downdip) limit by edge water in these 
sands. Thus, the lower sand is water-logged in the southern part of the field, and 
only the upper sand is being produced in this area. The upper sand in turn is 
water-logged farther south. Along the strike, southeast and northwest, the oil 
accumulation has no clearly defined limits. It merges with the Punta Benitez and 
West Tia Juana accumulations under the lake, and it extends inland possibly 
joining the northwestern part of the Lagunillas reservoir, although the actual 
eastern limit of the Tia Juana accumulation is thought to be a major fault about 
3 kilometers (1.8 miles) inland. 

The total thickness of productive sand averages 150 feet in an area of 2,200 
hectares (5,300 acres). 

Three wells in the southern part of the field have produced small amounts of 
oil from the Eocene (lower Micaceous sandstone), but only one of them produces 
exclusively from the Eocene. This oil has a specific gravity of 0.917 (22.8° A.P.I.) 
and is thus much lighter than the Miocene oil. 


DRILLING AND COMPLETION PRACTICE 


Well depth ranges between 1,900 feet and 4,000 feet. Completion times are 
short—from 4 days to a maximum of ro days per well. The wells drilled during 
the last drilling campaign previous to 1940, were completed with a 133-inch sur- 
face string cemented at about 250 feet, an 83-inch water string cemented above 
the oil zone, and a 63-inch 0.012-inch gauge screen liner hung with screen against 
the productive intervals and with blank casing against shale breaks. The 133-inch 
surface string was necessary because shallow gravel beds caused loss of circula- 
tion. It was omitted where such beds were absent. 

Wells are washed into production. Franks portable rigs are used in Tia Juana 
and at least three wells are completed per string per month. 

Little coring has been done in Tia Juana, since electrical logging provided 
satisfactory correlation (Fig. 4). 


PRODUCTION 


A total of 224 wells had been drilled in Tia Juana by the Venezuelan Oil Con- 
cessions Limited at the end of 1945. At that time 206 were producing (flowing 35, 
pumping 173). The remaining wells were closed. In December, 1945, the daily 
potential was 35,600 barrels and the field was producing to full capacity. 

Average initial production rates were about 250 barrels per well before drilling 
was suspended in 1940. The decline rate of the field is estimated at 2 per cent 
per month. The field was partly closed in from 1942 to 1945 when the adverse 
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shipping situation and lack of demand for heavy oil prevented full exploitation. 
Production statistics can be found in Table VIII and the characteristics of the 
Tia Juana crude oil are given in Table IX. 

Most of the crude oil produced’in this field by the Venezuelan Oil Concessions 
has all the properties of a fuel oil and the gasoline recovery by distillation 1s 
negligible. The oil is so viscous that originally a larege number of wells were 
equipped with heaters to facilitate flowing production. As most of the wells are 


TABLE VIII 
PRODUCTION Statistics OF TIA JUANA FIELD 


ANNUAL PRODUCTION 


Year Barrels 
1937 10,714,453 
1938 16,054,041 
1939 13,551,400 
194¢ 8,840,316 
1941 10,903, 284 
1942 4,695,098! 
1943 249,193' 
1944 1,153,850! 
1945 6,156,772" 
Total 72,318,407 
PRODUCTION DURING DECEMBER, 1945 
Total Production Daily Average Daily Potential No. of Pro- 
(Barrels) (Barrels) (Barrels) ducing Wells 
Flowing — 9,100 9,100 33 
Pumping — 26,500 26,500 173 
Total 1,102,891 35,600 35,600 206 


1 Partly closed because of shipping situation. 


now pumped, the oil is no longer heated at the individual wells, but is heated at 
the block stations and at the main storage tanks, before the crude is pumped to the 
tankers. The oil is still hot on arrival at the Island of Curacao. 

Gas-oil ratios are low, and average approximately 265 cubic feet per barrel of 
oil. The gas is very lean, the gasoline content being so small that it would not be 
economical to operate an absorption plant for its recovery. The quantity of gas is 
insufficient for gas-lifting purposes. The average daily amount of gas produced in 
December, 1945, was 9,250,000 cubic feet, of which 1,206,000 cubic feet per day 
were utilized for fuel purposes. 

Water production has so far not been of much importance in this field, and 
has not caused any difficulty. However, as mentioned previously, there is definite 
evidence of edge water in the southern part of the field, and dehydration facilities 
may be required at a later date. 

The oil of the Tia Juana field is probably produced by dissolved gas drive, 
perhaps to some extent by water drive. The first bottom-hole-pressure survey in 
the field was made in 1937, and such surveys have been repeated since. The 
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reservoir pressure in the northern part of this field was originally about 950 
pounds per square inch at the base of the oil zone at a depth of 2,100 feet. In 1942 
it had declined to approximately 600-800 pounds per square inch. 

Potable water is found above the oil levels and is exploited by two water wells 
which take care of the domestic and field requirements of both the Creole Petrol- 
eum Corporation and the Venezuelan Oil Concessions Limited. As the water 


TABLE IX 
CHARACTERISTICS OF TIA JUANA CRUDE OIL 


GENERAL 


Type Asphaltic 
Specific gravity range 0.965 to 0.992 
A.P.I. gravity range 
CRUDE OIL TAKEN FROM MAIN STORAGE, APRIL 2, 1945 
Specific gravity 60/60°F. ©.977¢ 
A.P.I. gravity 
Color by reflected light Black 
Color by transmitted light Dark brown 
Viscosity Engler at 30°C. 474° 
Viscosity Engler at 50°C. g1.5° 
Flash point 168°F. 
Pour point test 40°F. 
Parafline wax 0.33% 
Setting point of paraffine wax AS. 
Sulphur 2.5% 
Initial boiling point 
CRUDE OIL RECEIVED IN CURACAO DURING DECEMBER, 1945 
Viscosity Redwood I at 100°F. 7,415 seconds 
% gas oil required to reach 100% of oil of max. 
3,500 secs. Redwood I at 100°F. 8.2% 


contains impurities including fluoride, a filter and treating plant were erected 
jointly by the Venezuelan Oil Concessions and the Creole. 

The proved area of the Tia Juana field is about 2,000 hectares (5,300 acres). 
Wells have been drilled on a triangular spacing grid of 400 meters (approximately 
34-acre spacing) with interspaced wells on 231-meter spacing (approx. 11 acres) 
in those areas where good production can be obtained. Many wells remain to be 
drilled in proved and probable areas and development of the field was resumed in 
January, 1946. 

All the oil produced in this field is shipped by shallow-draft tanker to Curacao 
for refining. The tankers are loaded through a 15-inch welded submarine pipeline 
from a loading platform built on piles 1,200 yards from shore. 


LAGUNILLAS FIELD 


SITUATION AND DEVELOPMENT 


The Lagunillas field of the Venezuelan Oil Concessions Limited is located 
about 70 kilometers (43 miles) southeast of Maracaibo on the shore of Lake 
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Maracaibo. It is situated partly in the Lagunillas swamp and partly on flat sandy 
plains bordering the swamp, which has been completely drained by the company. 

Considerable subsidence has occurred in Lagunillas and has made necessary 
the construction of a sea-wall which protects the field against flooding by the 
lake. A system of drainage dikes and pump stations keeps the field dry. From 
1926, when the first measurements were made, to 1944 a maximum subsidence of 
3 meters (10 feet) has been observed. 

The Venezuelan Oil Concessions commenced drilling its first exploration test 
El Mene de Lagunillas No. 1, situated 4 kms. (2.5 miles) east of the present pro- 
ducing area in May, 1925, and, although some oil was obtained, this well was 
abandoned as a commercial failure. In 1926 the Mene Grande Oil Company 
drilled Lago No. 1, the discovery well in Lagunillas, just off-shore in central 
Lagunillas and this exploration test resulted in prolific production. This new 
discovery led to a spirited offset drilling campaign of the Lago (now Creole) 
Petroleum Corporation, the Mene Grande Oil Company and the Venezuelan Oil 
Concessions in the competitive area along the lake shore. In the first years of 
development, drilling was very intensive and at one time the Venezuelan Oil 
Concessions had twelve strings operating in the field. Drilling was suspended in 
1942. 

To-day the proved area of the Venezuelan Oil Concessions’ Lagunillas field 
extends 21 kimometers (13 miles) along the coast and has a maximum width of 5 
kilometers (3 miles), covering approximately 7,660 hectares (18,900) acres. The 
same reservoir reaches far under Lake Maracaibo where it is exploited by the 
Mene Grande Oil Company and the Creole Petroleum Corporation. An offset 
spacing agreement with these companies regulates the density of producing wells 
along the lake shore. 

OIL AND GAS RESERVOIR 
(Fig. 9) 

Most of the oil produced in the Lagunillas field is derived from the Miocene. 
Some Eocene sands are also open in a few wells but contribute little to the total 
production. 

The following producing sands can be differentiated in the Miocene from top 


to bottom. 


Tar sands Gravity of oil 12. 6°-r0. 6° ALP. I, (S.G. 0.986-0.996) 

Heavy Oil zone Gravity varies from 16° to 14. 4 A.P.I. (S.G. 0.959-0.970) 

Light Oil zone Gravity ranges from 18.7° to 13° A.P. I. (S.G. 50-9420. 979) 

La Rosa formation In north part of field gravity ranges from 22.3° to 19° A.P.I. (S.G. o. 920-0.940) ; 
in — - it is 19°-12.4° A.P.I. (S.G. 0.940-0.983). Not present in central 
area of fie 


The Miocene sands with the exception of the Tar sands, are usually produced 
together. Heavy and Light Oil zones, in some areas together with the Upper 
Heavy Oil zone and the Lower Light Oil zone, are the main productive sands. 
The La Rosa formation is of less importance. 
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The productive sands in the Miocene are very loose and unconsolidated, and 
their effective porosity is estimated to be at least 25 per cent. The total thickness 
of the productive sands of the lower Lagunillas formation averages 80 feet in an 
area of more than 7,600 hectares. . 

There is evidence of water encroachment in the southern part of Lagunillas, 
but the field produces principally by dissolved gas drive. Water is also present in 
the northeastern and eastern parts of the field. In the northeastern area, the water 
has apparently migrated downdip across a former barrier fault due to reduction 
of pressure as a result of depletion of the oil reservoir. 


DRILLING AND COMPLETION PRACTICE 


At present there is no drilling in the Lagunillas field. At the end of the drilling 
campaign in 1942 a Franks portable rig was used. Wells were drilled as slim holes 
and completed with an 83-inch surface string at about 100 feet and 43-inch 
combination string cemented through ports above the zone which was to be 
produced. A o.o15-inch wire-wrapped screen was set against the sand sections 
and washed before the casing was cemented. Depths varied in general between 
2,000 and 3,000 feet. 

No cores were taken in recent wells and correlation was based entirely on 
Schlumberger logging (Fig. 9). In earlier wells coring was fairly extensive. 

Completion time was short because wells were shallow and drilling was easy 
in the soft Miocene formations. In the more recent drilling operations wells were 
completed in an average of about 6 days. 


PRODUCTION 


A total of 827 wells had been drilled in the Lagunillas field by the Venezuelan 
Oil Concessions at the end of 1945. Of these, 679 were producing at the time (8 
flowing, 671 pumping) and of the remainder, 62 were abandoned, the others were 
not producing for various reasons (repairs, high gas-oil ratio, et cetera). 

Initial production rates were low when drilling was suspended and averaged 
about too barrels per day. The field as a whole has now a low rate of decline. Over 
the past few months it was about 1 per cent, after production had been restricted 
for some time (Table X). 

The field had a potential of 72,000 barrels per day at the end of 1945 and pro- 
duced to capacity. Production statistics are given in Table X and analytical data 
on the crude oil produced in Lagunillas are assembled in Table XI. 

Gas-oil ratios are low and average 310 cubic feet of gas per barrel of oil. The 
average daily amount of gas produced during December, 1945, was 22,200,000 
cubic feet, of which 5,250,000 cubic feet were used in the field as fuel and for 
other purposes. An absorption plant was installed early in the life of the field but 
operations were discontinued as the gas was found to be too poor for economical 
recovery of casing-head gasoline. Gas-lifting was abandoned when no wells re- 
mained in the field capable of supplying high-pressure gas. 
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No data are available about the original reservoir pressure of the Lagunillas 
field, but from estimates it appears to have been approximately 1,750 pounds per 
square inch at the base of the oil zone at an average depth of 2,500 feet. The first 
bottom-hole-pressure survey was made in 1937. These surveys have been con- 
tinued since and indicate a marked pressure decline. Most of the wells were put 
on the pump long ago. 


TABLE X 
PRODUCTION STATISTICS OF LAGUNILLAS FIELD 


ANNUAL PRODUCTION 


Year Barrels 

1926 319,306 

1927 9,112,536 

1928 19,254,047 

1929 21,704,963 

1930 18,666,699 

1931 14,678,726 

1932 14,555,240 

1933 15,302,268 

1934 21,829,647 

1935 26,504,366 

1936 29,171,397 

1037 29,866,066 

1938 30,242,075 

1939 29,767,510 

1940 23,476,441 

27,201,315 

1942! 19,742,565 

1943 24,536,932 

1944 25,613,602 

1045 26,946,668 

Total 428,492,369 

PRODUCTION DURING DECEMBER, 1945 
Total Production Daily Average Daily Potential No. of Pro- 
(Barrels) (Barrels) (Barrels) ducing Wells 

Flowing 1,900 1,9co 8 
Pumping 70,100 70,100 671 
Total 2,249,205 72,000 72,000 679 


1 Partly closed because of shipping situation. 


Water is present in the Light and Heavy Oil zones, and in certain sections of 
the field some of these levels have now become entirely water-bearing. The water 
produced with the oil forms a tight emulsion and can not easily be separated 
from the oil by settling. It has been necessary to install a large electrical dehydra- 
tion plant consisting of 24 Petreco units, which have a rated total capacity of 
28,800 barrels per day. In practice, it has proved possible to dehydrate an even 
larger quantity of wet crude, as can be seen from the operating figures for the 
month of December, 1945, when an average of 23 units were in operation. 
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Crude Oil Average B.S.W.4 B.S.W. in Suspension 
(Barrels) (Percentage) (Barrels) 
Input 41,050 20.3 8,325 
Output 32,725 1.86 623 


Bottom sediment and water. 


Good potable water is found above the oil levels in the central part of the field, 


TABLE XI 
CHARACTERISTICS OF LAGUNILLAS CRUDE OIL 


GENERAL 
Type Asphaltic 
Specific gravity range 0.920 to 0.985 
A.P.I. gravity range 22.3° to 12.1° 


CRUDE OIL TAKEN FROM MAIN STORAGE APRIL 2, 1945 
From Petreco 


Plant 
Specific gravity 60/60°F. 
A.P.I. gravity 
Color by reflected light Black 
Color by transmitted light Dark brown 
Viscosity Engler at 30°C. 11° 
Viscosity Engler at 50°C. 40.9" 
Flash point 64°F. 
Pour point test Beiow 32°F. 
Parafline wax 0.33% 
Setting point of paraffine wax 56°C. 
Sulphur 2.1% 
Initial boiling point 75°C. 


CRUDE OIL RECEIVED IN CURACAO DURING DECEMBER, 1945 
Yields by volume 


Gasoline 2.14% 
Gas oil — 
Fuel oil 96.8% 
Properties of products 
Gasoline 
Specific gravity at 60°F. 0.715 
Distilling up to 100°C. 73% 
F.B.P. (A.S.T.M.) 149°C. 
Octane number (C.F.R. Motor method) 72 
Fuel oil 
Specific gravity at 60°F. 0.968 
Viscosity Redwood I at 100°F. 3,510 sec. 


From Field 
Black 


Dark brown 
126° 


and is being used for domestic purposes. An analysis of water from the oil-bearing 
formations is given in Table XII. 

The field was originally arranged on a 400-meter triangular (approximately 34 
acres) spacing grid. Later interspaced wells were drilled at 231 meters and a num- 
ber of locations remain to be drilled chiefly on the ee grid, but on the 
whole the drilled-up stage has been reached. 


During the last years, a few wells, in which the lower levels had been depleted, 


| 
° 
31.4 
78 F. 
Below 32°F. 
0.35% 
57 C. 
2.3% 
105°C. 
be 
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TABLE XII 
ANALYSIS OF WATER FROM LAGUNILLAS FIELD 


‘Field: Lagunillas Date sample collected: 1-3-36 
Well No.: LS-197 Date sample analyzed: 17-3-36 
Depth: 2,368 feet Method of sampling: Flow tank 


Color: Very light brown, clear) 

Odor: Of petroleum acids f 

HS is not present 

Free CO, is not present 

Naphthenic acids were not determined 

Total alkalinity is equivalent to 4,514 mgms. CaCO; per liter 

Total hardness isequivalent to 284 mgms. CaCO; per liter 

Temporary hardness is equivalent to 284 mgms. CaCO; per liter 

Permanent hardness is equivalent to Nil mgms. CaCO; per liter 
MODIFIED REISTLE SYSTEM 


after filtration 


: Milligrams Equivalent V alues 
Radical Per Liter without Adjustment 
Sodium (incl. potassium) Na’ 2,003 87.09 
Potassium 
Calcium ca 10 
Magnesium Meg” 63 5.18 
Positive sub-total 92.77 
Chloride cr 89 
Sulphate SO,” 
Carbonate 120 4.00 
Hydrocarbonate HCO,” 5,263 86.26 
Negative sub-total 92.77 
Grand total 7,548 185.54 
PALMER’S SYSTEM 
Total reaction value in mgms. H per liter 186 mgms. 
Chloride salinity 100% 
Primary alkalinity 91% 
Primary salinity 3% 
Secondary alkalinity 6% 


Remarks: Sodium by difference ; 
Formations open to production: Icotea formation, Light and Heavy Oil zone 
Date: 17-3-36 Laboratory San Lorenzo 


have been repaired and completed to exploit the Tar sands, which are situated in 
the upper part of the Lagunillas formation and contain very heavy oil. They 
represent a large reservoir which has so far hardly been touched. 
All oil produced in the Lagunillas field is shipped by shallow-draft tanker to 
Curacao for refining. 
PUEBLO VIEJO FIELD 


SITUATION AND DEVELOPMENT 


The Pueblo Viejo field is situated on the Bolivar Coast between the Lagunillas 
and Bachaquero fields. It is located on a steeply folded Eocene anticline which is 


* 
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buried under a thick cover of unconformable Miocene formations and the alluvial 
deposits of the Pueblo Viejo River. The anticline is a continuation of the East 
Lagunillas anticline exposed east of the Lagunillas field and was traced by geo- 
physical methods (torsion balance and refraction shooting). - 

Exploration of the structure by drilling was carried out on three separate oc- 
casions: from April, 1937, to February, 1939; from February, 1940, to June, 1941; 
and from May, 1944, on. The first well drilled during the present campaign was 
completed producing 2,500 barrels of clean oil. Since then seven wells have been 
drilled by the Venezuelan Oil Concessions Limited and 4 wells by the Mene 
Grande Oil Company. 

On land, all concessions covering the Pueblo Viejo anticline are held by the 
Venezuelan Oil Concessions Limited, but the structure continues presumably in 
a southern direction under Lake Maracaibo, where concessions belong to the 
Mene Grande Oil Company and to the Creole Petroleum Corporation. 

Development of the Pueblo Viejo field is still in an exploratory stage, and 
little is known about stratigraphical and tectonic conditions. Still less can be 
said about accumulation, characteristics of production, and extent of the field. 

Recent drilling took place in the swampy delta of the Pueblo Viejo River area 
near the lake shore, and required some drainage work. There are no oil or gas 
seepages in the area of the Pueblo Viejo field. 


OIL AND GAS RESERVOIR 
(Fig. 10) 


At present, oil is produced in Pueblo Viejo from two sandstone bodies in the 
lower Micaceous sandstone. The upper one is 1,100 feet thick and is called the 
Pueblo Viejo Main sandstone. It is commonly found just below the Miocene un- 
conformity. The specific gravity of the oil produced from the Main sandstone 
varies between 0.91 (24.0° A.P.I.) and 0.94 (19.0° A.P.I.). The second level is a 
thin sandstone about 750 feet deeper stratigraphically. It is called the LB-141 
sandstone and contains oil of specific gravity 0.88 (29.3 A.P.I.) and 0.83 (38.2 

Accumulation is controlled by folding and faulting of the Eocene in combina- 
tion with the overlap of the Miocene. Production is probably more connected 
with fracturing and shattering of the sandstones than with primary porosity and 
permeability, which is very low as far as could be determined on the cores taken 
(Fig. 10). 

At present, not much can be said about the extent of the field. It seems to con- 
sist of a number of fault blocks, in which favorably located holes are good wells 
while others a short distance away show water. 


DRILLING PRACTICE AND COMPLETION 


Wells in Pueblo Viejo are drilled with steam rigs. The depth of the wells 
varies between 2,000 and 4,000 feet. Drilling is rapid in the Miocene, slow in the 


__ 
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hard sandstones of the Eocene. Surface casing (103-inch) is usually cemented at . 
depths of 400 to 800 feet and 53-inch or 7-inch casing is set at the bottom of the 
well or below the oil levels, but completion practice is in an experimental state 
and varies for each well as conditions change rapidly; it consists mainly of ce- 
menting opposite the prospective sandstones and bullet-perforating the casing. 
Open-hole completion was also tried recently. Completion time averages 2-3 
months, as it includes much testing. Coring was fairly intensive in the first well 
of the recent drilling campaign and served to study fluid content, composition, 
and physical characteristics of the formations. Schlumberger logs are run and 
deviation and self-potential dipmeter surveys made. 

The Venezuelan Oil Concessions Limited had three rigs operating in the Pue- 
blo Viejo field at the end of December, 1945. 


TABLE XIII 
PRODUCTION STATISTICS OF PUEBLO VIEJO FIELD 


ANNUAL PRODUCTION IN BARRELS 


Year Barrels 

1940 101,920 

1941 120,495 

1942 

19043 

1944 81,120 

1945 T,215,043 

Total 1,519,478 

PRODUCTION DURING DECEMBER, 1945 
Total Production Daily Average Daily Potential Number of Pro- 
(Barrels) (Barrels) (Barrels) ducing Wells 
108 ,619 35500 35550 6 
PRODUCTION 


A total of 15 wells had been drilled on the Pueblo Viejo structure by the 
Venezuelan Oil Concessions Limited at the end of 1945. Six wells were producing 
at that time (5 flowing, 1 pumping) two were closed because of outlying position, 
two were abandoned, and the remaining wells were awaiting repairs or were being 
worked on. 

Jnitial production can be high, but is not predictable. Production records of 
the Pueblo Viejo field are shown in Table XIII and the characteristics of the 
Pueblo Viejo oil are given in Table XIV. 

Gas-oil ratios range from 110 to 930 cubic feet per barrel for the Pueblo Viejo 
Main sandstone, but are considerably higher for the lower sand. Gas production 
during December, 1945, was 172,000 cubic feet per day, of which the greater part 
was used in operations. 

Water production is a serious problem and many water-bearing sands have to 
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be shut off. An analysis of water from the Pueblo Viejo Main sandstone is given 
in Table XV. No pressure-bomb survey has been made so far, but casing-head 
pressures vary from 230 to 570 pounds per square inch. Well spacing is irregular 


TABLE XIV 
CHARACTERISTICS OF PUEBLO VIEJO CRUDE OIL 


GENERAL 
Type Asphaltic 
Bachaquero Well LB-141 
Main Storage 3,728-3,803 Feet 
CRUDE OIL ANALYSIS, APRIL 2, 1945 


Specific gravity 60/60°F. 0.9326 0.836 
A.P.I. gravity 20.2° 38.2° 
Color by reflected light Black 

Color by transmitted light Dark brown 

Viscosity Engler at 30°C. 9.08° 

Viscosity Engler at 50°C. 3-59° 

Flash point 92°F. 

Pour point test Below 32°F. Below 48°F. 
Parafline wax c.1% 
Setting point of parafiline wax 56°C. 

Sulphur 1.04% 0.31% 
Initial boiling point 127°C. 75° 


CRUDE OIL RECEIVED IN CURACAO DURING DECEMBER, 1945 
Yields by volume 


Gasoline 2.78% 
Gas oil 27.90% 
Fuel oil 68.32% 
PROPERTIES OF PRODUCTS 
Gasoline 
Specific gravity at 60°F. 0.758 
Distilling up to 100°° C. (A.S.T.M.) 15% 
F.B.P. (A.S.T.M.) 176°C, 
Octane number (C.F.R. Motor method) 72 
Gas oil 
Specific gravity at 60°F. 0.868 
Distilling up to 300°C. (A.S.T.M.) 77% 
Sulphur content 0.36% 
Diesel index 41.6 
Fuel oil 
Specific gravity at 60°F. 0.073 
Viscosity Redwood I at 100°F. 3,560 sec. 


as it has to conform with the complicated structural conditions. The oil produced 
in the field is pumped to Bachaquero and shipped from there to Curagao for re- 
fining. 
BACHAQUERO FIELD 
SITUATION AND DEVELOPMENT 
Bachaquero is the southernmost of the Bolivar Coast fields. It is situated on a 
flat, swampy alluvial plain along the shore of the Lake Maracaibo. Much drainage 
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work was required in order to make operations possible. A dredged channel ex- 
tends 11.5 km. (7 miles) along the lake shore, and a ditch and bank 20.2 km. (13.5 
miles) long protect the field against inland flooding. A system of ditches within 
the banked area is connected with the main drainage channel. 

There are no seepages or outcrops in the region, and the field was discovered 


TABLE XV 
ANALYSIS OF WATER FROM PUEBLO VIEJO MAIN SANDSTONE 


Field: Pueblo Viejo Date sample collected: July 13, 1944 
Well No.: LB-124 Date sample analyzed: July 19, 1944 
Depth: 2,274 feet Method of sampling: At well head 


Color: Colorless, clear| 
Odor: Of petroleum f{ 
HS is not present 
Free CQ2 is present and is 23 mgms. free CO, per liter 

Naphthenic acids were not determined 

Total alkalinity is equivalent te 5,126 mgms. CaCO; per liter 
Total hardness is equivalent to 329 mgms. CaCO; per liter 
Temporary hardness is equivalent to 329 mgms. CaCO; per liter 
Permanent hardness is equivalent to Nil 


after filtration 


MODIFIED REISTLE SYSTEM 


Milligrams Equivalent Values 
Radical Per Liter without Adjustment 
Sodium (incl. potassium) Na’ 4,608 200.36 
Calcium Ca" 36 1.80 
Magnesium Mg” 58 4.77 
Positive sub-total 206.93 
Chloride CY 3,700 104.34 
Sulphate SO,” 5 0.10 
Carbonate CO;” _ 
Hydrocarbonate HCO,” 6,253 102.49 
Negative sub-total 206.93 
Grand total 14,660 413.86 
PALMER’S SYSTEM 
Total reaction value in mgms. H per liter 414 
Chloride salinity 100% 
Primary salinity 51% 
Primary alkalinity 46% 
Secondary alkalinity 3% 


Remarks: Sodium by difference 
Interval open: 2, 190-2, 210 feet 
Date: July 20, 1944 Laboratory San Lorenzo 


in 1930 by the Mene Grande Oil Company outstepping from known productive 
areas. The first well, Lagunita 1, blew out from the Bachaquero sands when the 
plugs were drilled out, and flowed at an estimated rate of 4,500 barrels a day | 
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through the drill pipe. The Venezuelan Oil Concessions Limited did not start 
operations until 1936. The first well had an initial daily production of 1,000 bar- 
rels of oil of specific gravity 0.974 (13.7° A.P.I.) on 3-inch bean. Active exploita- 
tion of the field began in 1938, but development was interrupted from 1939 to 
1941 and again in 1942 because of the war and was not resumed until January, 
1945. 

To-day the proved area of the Bachaquero field of the Venezuelan Oil Conces- 
sions Limited extends 6.5 km. (4 miles) north and south with a maximum width 
of 7 km. (4.3 miles). The limits of the field have not been determined and there 
is reason to believe that it will eventually be greatly enlarged. The reservoir of 
the field extends under Lake Maracaibo and is exploited there by the Mene 
Grande Oil Company and the Creole Petroleum Company. An offset agreement 
regulates the drilling along the lake shore. 


OIL AND GAS RESERVOIR 
(Fig. 11) 

Oil is produced in the Bachaquero field from the Bachaquero sands and the 
La Rosa formation. The latter has been recognized so far only in the central 
coastal area. The total thickenss of sand in the productive interval varies from 
about 100 to 200 feet, according to local development. An effective porosity of 
25 per cent is commonly assumed. 

Some oil-impregnated sandstone has been found in the Eocene, but can not 
yet be classified as a commercially productive level. 

The Bachaquero sands are subdivided into Heavy and Light Oil zones. The 
oil of the Heavy Oil zone has a gravity ranging from 13.7° to 11.5° A.P.I. (S. G. 
0.975-0.990). In the Light Oil zone the gravity ranges from 17.9° to 14° A.P.I. 
(S. G. 0.947-0.972). The La Rosa oil has a gravity of approximately 17° A.P.I. 
(S.G . 0.95). These sands are usually produced together. 

Up to the present there is no evidence of water-drive conditions but it is too 
early for a final opinion as the field has been producing for a relatively short pe- 
riod only. It seems that the field produces by dissolved gas drive. No water is so far 
produced from the oil levels in the Bachaquero field. 

The limits of the productive area may be controlled by pinching-out of the 
productive formations and changes of porosity and permeability. 


DRILLING AND COMPLETION PRACTICE 


The present drilling campaign was started in January, 1945, and wells are 
drilled at an average of two per string per month. They are of medium depth, 
averaging from 4,000 to 5,000 feet and are completed with a 133-inch surface 
string cemented at roo feet, an 83-inch water string cemented above the oil zone, 
and a 63-inch wire -wrapped (0.012-inch gauge) screen liner equipped with Brown 
liner hanger and wash shoe hung opposite the productive formation. 

Considerable sand trouble has been experienced, because the sands are very 
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fine-grained and unconsolidated. Wells are produced on small beans in order to 
maintain an undisturbed sand pack outside the screen. 

Little coring has been done in Bachaquero as electrical logging provides a 
satisfactory method for correlation of the formations and determination of the 
oil-bearing sands. 

PRODUCTION 


A total of 128 wells had been drilled by the Venezuelan Oil Concessions 
Limited at the end of 1945. Of these, 115 were producing (flowing 112, pumping 
3), 1 was abandoned, and the remaining wells were closed in or being worked on. 


TABLE XVI 
PRODUCTION STATISTICS OF BACHAQUERO FIELD 


ANNUAL PRODUCTION 


Year Barrels 

19306 5,6c0 

1937 20, 500 

1938 929,056 

1939 3,382,620 

1940 1,637,100 

1941 761,320! 

1942 2,693,436 

1943 2,823,770 

1944 5,666,744 

1945 10,990,626 

Total 28,910,772 

PRODUCTION DURING DECEMBER, 1945 
Total Production Daily Average Daily Potential Number of Pro- 

(Barrels) (Barrels) (Barrels) ducing Wells 
994,996 32,100 32,250 


1 Low, due to shipping difficulties. 


Production statistics are shown in Table XVI and the characteristics of the 
Bachaquero crude oil are given in Table XVII. 

Initial production of 1,000-2,000 barrels per day could be obtained on large 
beans, but on -inch beans it varies from 300 to 600 barrels per day. The field is 
still in the early stages of development, and locations in considerable number, 
even in the proved area, remain to be drilled. The decline rate in this field has 
been fairly large, the present estimate being 5 per cent. At the end of 1945 the 
Venezuelan Oil Concessions had a potential production of 32,500 barrels per day 
in Bachaquero and the field was being produced to capacity. 

Gas-oil ratios are low and average 550 cubic feet per barrel of oil for the whole 
field. The gasoline content of this gas is not considered sufficient to warrant a 
plant for its recovery. The average daily amount of gas produced during Decem- 
ber, 1945, was 2,825,000 cubic feet, of which 126,000 cubic feet per day were 
used as fuel in the field. 


; 
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The first bottom-hole-pressure survey was made in the Bachaquero field in 
1939-1940, at which time only 39 wells had been drilled. From this survey it is 
estimated that the original reservoir pressure was 1,800 pounds at the top of the 
Eocene at an average depth of 3,600 feet. The surveys have been continued and 
show a marked decline of pressure centered around the two producing areas. 


TABLE XVII 
CHARACTERISTICS OF BACHAQUERO CRUDE OIL 


GENERAL 
Type Asphaltic 
Specific gravity range 0.944 to 0.980 
A.P.L. gravity range 18.4° to 11.7° 

CRUDE OIL TAKEN FROM MAIN STORAGE, APRIL 2, 1945 
Specific gravity 60/60°F. 0.9704 
A.P.I. gravity 14.3 
Color by reflected light Biack 
Color by transmitted light Dark brown 
Viscosity Engler at 30°C. 159° 
Viscosity Engler at 50°C. 37.0" 

Flash point 84°F. 

Pour point test Below 32°F. 
Parafline wax 0.21% 
Setting point of parafline wax 58°C. 
Sulphur 2.5% 
Initial boiling point 88°C. 


CRUDE OIL RECEIVED IN CURACAO DURING DECEMBER, 1945 
Yields by volume 


Gasoline 0.88% 
Gas oil 
Fuel oil 98.12% 
Gasoline 
Specific gravity at 60°F. 0.702 
Distilling up to 100°C. 943% 
F.B.P. (A.S.T.M.) 124°C, 
Octane number (C.F.R. Motor method) 77 
Fuel oil 
Specific gravity at 60°F. 0.074 
Viscosity Redwood I at 100°F. 3,450 sec. 


The proved area of the field is 6,000 hectares (14,800 acres) and wells have 
been drilled on a triangular spacing grid of 231 meters (approximately 11 acres), 
though, during 1945, drilling was confined to 400 meters (approximately 34 acres) 
spacing to conform with regulations of the Petroleum Administration for War. 
The limits of the field have not yet been defined and further outstep drilling 
will be required. 

In the upper part of the Miocene well above the oil zones a series of water- 
bearing sands is present 2,000-2,600 feet below lake level, averaging about 400 
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feet in thickness. Three wells have been drilled in the central area to exploit this 
water for domestic purposes. 
All the oil produced in Bachaquero is shipped by shallow-draft tanker to 
Curacao for refining. 
Part III. MENE GRANDE FIELD 


SITUATION AND DEVELOPMENT 


The Mene Grande field of the Caribbean Petroleum Company is situated on 
the eastern side of Lake Maracaibo, 19 km. (12 miles) inland from the lake shore. 
It is located in the district of Sucre, State of Zulia, approximately 120 kilometers 
(73 miles) southeast of Maracaibo (Fig. 1). 

The field is located on the south plunge of the Misoa anticline, which forms 
high mountains north of Mene Grande. The earlier wells were drilled in the low 
hills of the plunge but subsequent development extended southward into the 
alluvial plains which surround the Misoa anticline, and which are swampy along 
the San Pedro River and farther south. Particularly in the recently developed 
El Veleto area in the southern part of the field, dikes have had to be built to con- 
trol flood waters. The northern part of the field, in which the camp and installa- 
tions are located is in hilly, broken country, or open savannas. The elevations of 
the wells vary from 30 to 220 feet throughout the field. 

The productive Miocene formations are exposed just north of the field and 
a great number of active seepages occur on the plunge of the Misoa anticline 
along the outcrops of the productive Miocene. Farther north, along the west 
flank, there are large asphalt deposits. The area is favorable for photogeological 
studies but these came too late to influence the development of the field. 

The presence of large seepages attracted attention to Mene Grande and 
geological investigations were made at an early date. Drilling started in January, 
1914, with cable tools and Miocene oil was produced from the first wells. A pipe- 
line to San Lorenzo on the shore of Lake Maracaibo was completed in January, 
1917, and the construction of a refinery at this locality began during the same 
year. Drilling was slow during the first 8 years, but, by the end of 1925, fifty wells 
had been completed. Rotary drilling was then introduced and completions were 
more rapid. 

An important event in the history of the Mene Grande field was the dis- 
covery of light oil in the Pauji formation of the Eocene at the end of 1925. Later, 
prolific production was also obtained in the Misoa-Trujillo formation of the 
Eocene. Subsequently, many old wells were deepened to the Eocene, and a con- 
siderable number of new wells were drilled for this objective. 

An extension of the Eocene accumulations was discovered in 1940 in the so- 
called El Veleto area with the completion of well MG-407. El Veleto is situated 
considerably down the plunge, and drilling in this area was based on the results 
of a seismic survey. 


FLUID CONTENT OF SANDS 
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Fic. 12.—Type sections of Miocene in northern west flank of Mene Grande field. Note unconform- 
ity between upper and lower Younger Tertiary. Mene Grande formation is cut out by Miocene trans- 
gression. Circles indicate oil accumulations. 
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Early light-oil wells were prolific, but water soon made its appearance in 
large quantities and the Eocene production of Mene Grande has not had, on a 
total production basis, the importance which was originally anticipated. 

The productive area of the field extends approximately 11 kilometers (6.7 
miles) north and south and 5 kilometers (3 miles) and east west. All the conces- 
sions on which the field is situated are owned by the Caribbean Petroleum 
Company. 

STRATIGRAPHY" 
(Figs. 12 and 13) 


As in the Bolivar Coast fields, the beds encountered in the Mene Grande field 
belong to the Eocene and the Miocene. The Miocene transgresses over several 
Eocene formations with a pronounced unconformity. 


EOCENE 

The Eocene of the Mene Grande field and surrounding area is subdivided, 
from top to bottom, into three formations: Mene Grande, Pauji, and Misoa- 
Trujillo. 

The subdivision is based partly on lithology and partly on faunal content. 
All three formations are believed to be of middle Eccene in age. 

Misoa-Trujillo formation—Only the uppermost part of the Misoa-Trujillo 
formation is known in the Mene Grande field, where it is subdivided from top 
to bottom into: the Transition zone, the Main sandstone, and the Lower sand- 
stones and shales. 

The Transition zone represents lithologically and faunally the transition from 
the fossiliferous Pauji shales to the barren sandstones of the Misoa-Trujillo. Its 
top is very well defined as the first hard sandstone below the Pauji, and appears 
on the electrical log as a sharp peak. The Transition zone is 200-350 feet thick 
and consists of numerous shale bodies interbedded with sandstones. Four differ- 
ent sandstone groups are recognized as can be seen in Figure 13. 

The Main sandstone is composed mainly of hard, non-bedded sandstones with 
a few thin shale intercalations. Here six sandstone groups are recognized, the total 
thickness amounting to 500 feet. 

The Lower sandstones and shales are a group of interbedded sandstones and 
sandy shales. About 600 feet have been perforated on the Main Light Oil uplift. 

Pauji formation.—The Pauji formation consists of approximately 2,000 feet 
of black or dark gray, hard shales with many calcareous concretions. It is difficult 
to determine the exact thickness of the formation because of the Miocene uncon- 
formity and structural complications. 

On the basis of microfaunal differences the Pauji formation is subdivided into 
upper, middle, and lower Pauji. The middle Pauji is especially important be- 
cause it contains a thin group of sandstones about 850 feet above the top of the 
Misoa-Trujillo formation. This so-called middle Pauji sandstone decreases from 


4G. E. Tash, “Stratigraphy and Palaeontology of Mene Grande and Vicinity,” Bol. Geologia y 
Mineria, Vol. 1, Nos. 2-4. Caracas (1938). 


Fic. 13.—Type section of Eocene and Miocene in south-central part of Mene Grande field. 
Mene Grande formation and upper Pauji are cut out by unconformity. Circles indicate oil ac- 


cumulation. 
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a maximum thickness of 150 feet in the southernmost part of the field to about 
30 feet in the center of the field, where it is cut out by the Miocene transgression. 
Farther north this sandstone is absent even in complete sections of the Pauji 
formation. In the south, where it is best developed, it is composed of several 
sandstones with intercalated sandy shales while in the north it is represented by 
a single sandstone body or by sandy shales. The lower Pauji is composed of ap- 
proximately 300 feet of somewhat sandy shales, which contain some megafossils 
in addition to a poor microfauna. The approximate thickness of the middle 
Pauji is 750 feet, of the upper Pauji 800-g00 feet. 

Mene Grande formation.—The Mene Grande formation is the uppermost Eo- 
cene formation known in Mene Grande and is cut out by the Miocene unconform- 
ity in large parts of the field. The lower part of the formation consists of dark 
gray shales which closely resemble those of the Pauji formation but can be dif- 
ferentiated from them by their faunal content. The upper part is sandy and 
includes many thin, calcareous sandstone beds. They contain an orbitoid fauna, 
which is probably of upper middle Eocene (Claiborne) age. The total thickness 
of the formation can not be measured because of the Miocene unconformity. 
Thicknesses observed in the field range from almost nothing to 120 feet, but east 
of the field, in the Raya syncline, the total thickness is estimated to be about 
2,150 feet. 

MIOCENE 


The sandy clays and sands which transgress over the Eocene have been as- 
signed to the Miocene for the purpose of this paper. This is somewhat arbitrary, 
as no fossils have been found which allow an age determination. However, these 
beds occur in the same position as the Miocene in the Bolivar Coast fields, 
namely, transgressive on Eocene and strongly folded during the Andean orogeny. 
No direct correlation with the Bachaquero field exists, but the Miocene of Mene 
Grande probably corresponds with the upper part of the Lagunillas and the lower 
part of the La Puerta formation. 

In field terminology these beds are called Younger Tertiary, for lack of a better 
defined name, and are subdivided into upper and lower Younger Tertiary." 

Miocene unconformity.—The lower Younger Tertiary is transgressive on the 
Eocene. On the highest part of the structure the unconformity reaches the 
lower Pauji formation, about 200 feet above the top of the Misoa-Trujillo for- 
mation. On the flanks of the uplift, the lower Younger Tertiary rests on higher 
beds of the Pauji formation and, in some parts of the east flank and the Veleto 
area, on the Mene Grande formation. It has been possible to map the Eocene 
formations on the surface of the unconformity (Fig 14). The intersection of the 
middle Pauji sandstone with the unconformity, which has been determined on 

4 Field geologists of the Caribbean Petroleum Company call any undifferentiated beds younger 
than Oligocene “Younger Tertiary.” We have tried to avoid the term but are not in favor of the term 


Maracaibo group proposed by G. E. Tash (oP. cit.), as that should be restricted to the mottled clay 
series exposed in the Maracaibo and Mara districts. 
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the plunge of the structure is of great importance for the development of the 
middle Pauji production. 

Subsurface studies show clearly that some tectonic elements of the Mene 
Grande field, for example, the Main Light Oil uplift, already existed in pre- 
Miocene time. The magnitude of the pre-Miocene tectonic movements can be 
judged from the fact that, within the limits of the field, the Younger Tertiary 
transgresses over an Eocene interval of approximately 2,000 feet. The uplifts 
resulting from these movements had been levelled out by erosion prior to the 
transgression. 

Lower Younger Tertiary—The lower Younger Tertiary is subdivided into 
lower Sandy clays, Main Oil zone and Upper Heavy Oil series, the last being in 
turn split into several sands. All these beds are exposed on the east flank and on 
the plunge of the Misoa anticline. They consist mainly of white to yellow, poorly 
consolidated ‘sands interbedded with mottled sandy clays. Mottled clays pre- 
dominate in the lower sandy clays, just above a series of white basal sands. 

On the west flank, higher strata come in above the upper Heavy Oil series 
and increase in thickness downdip (Fig. 12). 

Upper Younger Tertiary—The upper Younger Tertiary rests with an un- 
conformity on the lower Younger Tertiary. This can be well observed on the west 
flank where at least 500 feet of the section are cut out below the transgression. 
Tectonic movements caused an uplift in the Mene Grande area during Miocene 
time, sedimentation was interrupted and considerable erosion took place before 
the area was covered by younger deposits. It is probable that the unconformity 
is restricted to the area of the Misoa anticline, and that away from the uplift, 
in the deeper parts of the Maracaibo Basin west of Mene Grande, sedimentation 
was continouus. 

The basal sands of the upper Younger Tertiary are called Tar sands, because 
of the heavy tarry oil contained in them. Higher sands are fresh-water-bearing. 
In general the upper Younger Tertiary consists of loose sands intercalcated with 
mottled sandy clays and is even less consolidated than the lower Younger Terti- 
ary. 

STRUCTURE 


(Figs. 14-16) 


The Mene Grande field is situated on the south-plunging asymmetric Misoa 
anticline which is bordered on the east by the Raya syncline, on the west by the 
alluvial plain covering the wide Machango-Sibaragua synclinorium (see also 
under Bolivar Coast fields), which separates Mene Grande from Bachaquero. 
These major structural units have a strong morphological expression which 
closely follows the tectonic development. 

The structure of the field itself can be described as an anticline with a steep, 
strongly faulted west flank (50°—70°), and a gentle east flank (10°-30°) which 
plunges south with an over-all dip of approximately 10°. The trend of the anti- 
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cline is north and south. However, in addition to this main direction, a north- 
northeast trend is plainly visible in the so-called Main Light Oil uplift and the 
MG-—235 Light Oil uplift. These two structural units represent a small dome 
about 2 km. (1.2 miles) long, which was already present long: before the Miocene 
was deposited. This can be deduced from the fact that pre-Miocene erosion was 
strongest on the crestal zone of the dome, where it reached the lower Pauji for- 
mation. During later stages of structural development the dome was involved in 
the post-Miocene Misoa anticline. 

There is much evidence of faulting in the Mene Grande field. Of greatest 
importance from an exploitation point of view is the big fault zone which follows 
the west flank in the northern part of the field and cuts across the Main Light 
Oil uplift. It strikes north-northwest and has been mapped over a length of 8 
km. (5 miles). The tectonics of this fault zone are not yet understood in detail, 
and very little is known about its hade. It is thought, however, that a shear 
movement took place by which the eastern block was shifted 2.5 km. (1.5 miles) 
northward with respect to the western block. This can be seen in the displace- 
ment between Main Light Oil uplift and MG-235 Light Oil uplift. Whether a 
thrust movement is connected with the fault zone is not ascertained but is quite 
possible. It seems that the Eocene is more affected by the fault zone than the Mio- 
cene, and it can thus be assumed that the fault zone existed already in pre-Mio- 
cene time but was revived during the final folding of the Misoa anticline. 

A parallel fault situated approximately 1 km. (0.6 miles) southwest of the 
Main Fault zone separates the El Veleto area from the higher parts of the struc- 
ture and is responsible for trapping conditions in the Eocene of this area situated 
well down the plunge, in combination with stratigraphic trapping. 


OIL AND GAS RESERVOIRS 
(Figs. 12 and 13) 


MIOCENE RESERVOIRS 


Oil accumulation in the Miocene occurs mainly in the following zones, from 
top to bottom. 

The Tar sands of the upper Younger Tertiary contain very heavy oil in prac- 
tically all parts of the field, but commonly accompanied by intercalated water 
sands. It would be difficult to produce the oil because of this and the high vis- 
cosity, and at present no oil is obtained from the Tar sands. Gravity is about 
10° A.P.I. (S. G. 1.0). On the west flank a buried zone of seepages is suspected 
at the unconformity at the base of the Tar sand. It seems to be closely connected 
with the Main Fault zone. 

The Upper Heavy Oil series is composed of the upper and lower K, H, and G 
sands. The average gravity of the oil in these sands is 16.7° A.P.I. (S. G. 0.054). 
They are productive mainly in the south-central and western areas of the field. 
The Main Oil zone is productive in most parts of the field, excepting on the 
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plunge. It is the main source of heavy oil which hes an average gravity of 17.5° 
A.P.I. (S. G. 0.949). 

The Lower Sandy clays ordinarily contain poor sands and only small amounts 
of oil are produced from them. 

It is probable that there is gravity stratification of the oil in the Miocene reser- 
voir but the grade of oil found in any one zone is not the same throughout the 
field. In general the oil is heavier in the crestal part and east flank of the field 
than on the west flank, especially in its southern part. This is almost certainly 
connected with the fact that all the Miocene sands are exposed in a belt of out- 
crops on the crest of the anticline and on the east flank north of the productive 
area (Fig. 15), while the accumulation on the west flank is trapped by the Main 
Fault zone and protected by the Tar sands. Seepages of heavy oil accompany the 
mentioned outcrops of the producing sands. The accumulation a short distance 
downdip from the outcrops is probably due to the sealing of the sands by asphalt, 
and the oil seems to be gradually lighter farther downdip. 

The Main Fault zone was thus of great importance for the accumulation in 
the Miocene. It separates areas in which reservoir conditions are widely different, 
and this is evident from different production characteristics. East of the fault 
zone, production appears to be of simple depletion type accompanied by the for- 
mation of an expanding secondary gas cap in the crestal zone. On the west flank, 
on the other hand, the existence of a fairly strong water drive seems to be certain. 
Furthermore, the fault zone marks the boundary between medium oil produc- 
tion (S. G. 0.92-0.94) in the southern west flank and heavy oil (S.G. 0.94-0.97) 
in the crestal area. On the west flank itself gradually heavier oil is found toward 
the north (S.G. 0.94-0.96 in northern half). 

The total thickness of the productive sands in the Miocene varies between 
300 and 500 feet over an area of 6,800 acres (2,800 hectares). Porosity, according 
to the few determinations available, is approximately 27 per cent in the Heavy 
Oil zone, 31 per cent in the Main Oil zone. 


EOCENE RESERVOIRS 


Oil accumulation has been observed in three following formations. 

The Middle Pauji sandstone yields fair to good production of an average 
gravity of 23.3° A.P.I. (S.G. 0.914). Its connate-water content was determined 
as 25 per cent. 

The Lower Pauji formation contains sandy shales which gave some oil show- 
ings, but in view of their nature these beds have not been tested. 

The Misoa-Trujillo formation is the main source of light crude in the Mene 
Grande field. It is subdivided into three separate zones. 

(a) The Transition zone gives fair to good production of an average gravity 
of 25.7° A.P.I. (S.G. 0.90) in the Main Light Oil uplift and farther south. 

(b) The Main sandstone was the chief producing zone in the Eocene but is 
now water-bearing in most areas. The gravity of the oil ranges from 24-31° 
A.P.I., and averages 25.7° (S.G. 0.90). 
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(c) The Lower sandstones and shales are the deepest producing zone. Only 
small quantities of oil are now obtained from it on the Main Light Oil uplift, 
together with considerable amounts of water. Gravity of the oil varies from 24° 
to 31° A.P.I. (S.G. 0.87-0.91). 

Evidently in the Eocene also there is some gravity stratification of the oil, 
but there is no sharp gravity separation between Miocene and Eocene oils. Jn 
fact there is close similarity between the medium oils produced from the middle 
Pauji sandstone and from the Miocene of the southern west flank. 

Conditions which caused trapping in the Eocene reservoirs are partly tec- 
tonic, partly stratigraphic .The Main Light Oil uplift is a faulted dome, and fault- 
ing of a plunging anticline is responsible for accumulation in the MG-235 uplift 
and in the Misoa-Trujillo formation of the El Veleto area. However, changes in 
permeability may affect all these reservoirs. In the middle Pauji sandstone trap- 
ping is mainly due to stratigraphic causes, namely, wedging of the sandstones and 
overlap by a transgressive formation, combined with tectonic conditions. 

It is interesting to consider the latter case more closely. Accumulation is 
found in the middle Pauji sandstone below the pre-Miocene erosional surface. 
In view of the relatively good permeability of the sandstone and the absence of 
any sign of heavy oil and asphalt near this surface, the oil must have been trapped 
by the transgressive Miocene (lower Sandy clays). Migration of the oil into its 
present position thus took place after the Miocene was deposited. This suggests 
that oil generating in the Eocene as a whole may have migrated slowly updip 
against the unconformity and where it did not find suitable reservoir conditions 
in the Eocene it may have migrated along the unconformity eventually finding 
its way into the Miocene. This would explain the close similarity of Eocene and 
Miocene oil and also the prolific oil content of the Miocene which is rather poor 
in organic matter and consists mostly of sands and mottled clays but does not 
include marine beds. 

Production characteristics of the Misoa-Trujillo reservoirs are a strong water 
drive in the Main Light Oil uplift, the MG-235 uplift and the Veleto area. Well 
MT-1 on the Main Light Oil uplift which was drilled in 1930 has produced a 
total of 14,210,000 barrels of oil at the end of 1945 and was then still making 
200 barrels daily. 

In the middle Pauji sandstone a strong water drive is indicated in the southern 
part of the west flank. The El Veleto area is believed to produce from the middle 
Pauji by dissolved gas drive. 

The total thickness of the productive sandstone in the middle Pauji is esti- 
mated at 60-70 feet. In the Misoa-Trujillo formation the productive sands attain 
a thickness of 500 feet. Excluding the El Veleto area, in which limits of production 
have not yet been reached everywhere, the middle Pauji sandstone is productive 
over 850 acres (250 hectares) and the Misoa-Trujillo formation over 2,050 acres 
(820 hectares). 

Many core samples from the Eocene sandstones have been examined to de- 
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termine porosity and permeability. High permeabilities are exceptional in the 
Misoa -Trujillo sandstones, which are believed to produce chiefly from joints and 
fissures. The following ate representative figures. 


Permeability in Millidarcys 


i Porosity 
Formation 
Percentage Range Average 
Middle Paujf sandstone 12 6.1-310 25-40 
Misoa-Trujillo 10 ©.1-350 I- 2 


RESERVOIR FLUIDS 


For refining purposes the crude oil produced in the Mene Grande field is 
segregated into two types: light-medium crude and heavy crude. The differenti- 
ation is based on both gravity and determination of the H.U.C.R. (highest useful 
compression ratio) of the gasoline fraction,’® because the heavy crude contains 
better gasoline (octane value 65) than the light-medium crude (octane value 509), 
although in smaller quantity. The paraffine wax content is also taken into account, 
and as a rule oils with a wax content greater than 0.8 per cent and a H.U.C.R. 
smaller than 5.3 are assigned to the light-medium crude. 

The characteristics of the Mene Grande crude oils are given in Table XVIII. 
Analyses of water from the Miocene and the middle Pauji sandstone are given in 
Tables XIX and XX. 


DRILLING AND COMPLETION PRACTICE 


At present, three strings are in operation in the Mene Grande field, one drilling 
for Miocene oil on the west flank and two drilling for the Misoa-Trujillo and the 
middle Pauji sandstones in the southern part of the field. In the west flank wells, 
13-inch casing is cemented as surface string at 200 feet, 83-inch casing as water 
shut-off above the producing zones and 63-inch, 0.015-inch-gauge wire-wrapped 
screen liner is set against the oil sands. The interval to be produced is usually 
determined with the help of Schlumberger log and side-wall samples, in order to 
shut out overlying water sands and also bottom water. Drilling times for west 
flank wells vary between 1 and 2 months, in accordance with their location on the 
steep flank. 

In the deep Eocene wells it was necessary until recently to use a 133-inch X98- 
inch X 53-inch casing scheme because caving of the thick shale section of the 
Pauji formation presented many difficulties and required the setting of a 93-inch 
protection string some distance above the objective. These difficulties, however, 
are now considered to have been overcome by the use of an oil emulsion mud de- 
veloped in Shell’s laboratories in Venezuela, and it is proposed to use a 10}- 
inch X 53-inch casing scheme, wells to be completed as open holes with the 53-inch 
casing cemented at the top of the productive formation. Some cores are taken to 
determine the fluid content of the sandstones. Middle Pauji and the Misoa 
Trujillo wells require between 4 and 8 months for completion. 


16 European method approximately equivalent to determination of octane rating. 
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TABLE XVIII 
CHARACTERISTICS OF MENE GRANDE CRUDE OIL 
Light-Medium Heavy 
Type Asphaltic : Asphaltic 
Specific gravity range .886 to .940 -940 to .g70 
A.P.I. gravity range 28.2° to 19.0° 19.0° to 14.8° 
CRUDE OIL TAKEN FROM MAIN STORAGE AT SAN LORENZO ON APRIL 20, 1945 
Specific gravity 60/60°F. 0.9488 
A.P.I. gravity 22.4" 17.6° 
Color by reflected light Black Black 
Color by transmitted light Dark brown Dark brown 
Viscosity Engler at 30°C. 8.24° 43.5" 
Viscosity Engler at 50°C. 3.88° 13.0° 
Flash point Below 50°F. Below 50°F. 
Pour point test Below 32°F. Below 32°F. 
Parafline wax 1.23% °. 53° 
Setting point of paraffine wax 56°C. 56°C. 
Sulphur 1.97% 2.3% 
Initial boiling point OF 78°C. 
CRUDE OIL RECEIVED IN SAN LORENZO REFINERY 
Yields by volume 
Gasoline 14.7% 10.3% 
Gas oil 15.7% 7-5% 
Fuel oil 69.6% 82.2% 
PROPERTIES OF PRODUCTS 
Gasoline 
Specific gravity at 60°F. 748 762 
Distilling up to 100°C. (A.S.T.M.) 21% 19% 
F.B.P. (A.S.T.M.) 205°C 206°C 
Octane number (C.F.R. Motor method) 59 65 
Gas oil 
Specific gravity at 60°F. 846 856 
Distilling up to 300°C. (A.S.T.M.) 85% 87% 
Sulphur content 0.66% 0.80% 
Diesel index 50.6 43-3 
Fuel oil 
Specific gravity at 60° F. 977 988 
Viscosity Engler 83 154 


PRODUCTION 


A total of 495 wells had been drilled in the Mene Grande field at the end of 
1945. Of these, 270 were actually producing (flowing 12, pumping 196, gas-lift 
62), 121 were abandoned, and the remaining wells were idle for various reasons 
(gas conservation, repairs, et cetera). 

Initial production rates for west flank Micoene wells average about 600 bar- 
rels, and initials from the middle Pauji and Misoa-Trujillo range from as little 
as 250 barrels to as high as 1,500 barrels, depending on the stratigraphical and 
structural conditions encountered. The monthly decline rate of the field as a 
whole is about 2 per cent. 
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TABLE XIX 
ANALYSIS OF WATER FROM MIOCENE OF MENE GRANDE FIELD 


Field: Mene Grande Date sample collected: October 1, 1941 
Well No.: MG. 439 Date sample analyzed: October 9, 1941 
Depth: 2,890 feet Method of sampling: J.F.T. 1,915-1,935 feet 


Color: Colorless, clear 

Odor: Of petroleum acid soapsf After filtration 

HS is not present. 

Free COs is not present 

Naphthenic acids were not determined 

Total alkalinity is equivalent to 3,088 mgms. CaCO; per liter 
Total hardness is equivalent to 137 mgms. CaCO; per liter 
Temporary hardness is equivalent to 137 mgms. CaCOQ; per liter 
Permanent hardness is equivalent to Nil 


MODIFIED REISTLE SYSTEM 


: Milligrams Equivalent Values 
Radical Per Liter without Adjustment 
Sodium (incl. potassium) Na’ 1,802 78.33 
Calcium Cat’ 30 1.50 
Magnesium Mg” 15 
Positive sub-total 81.06 
Chloride Cl’ 685 19.32 
Sulphate SO,” 
Carbonate CO;” 97 3.23 
Hydrocarbonate HCO,” 3,570 58.51 
Negative sub-total 81.06 
Grand total 6,109 162.12 
PALMER’S SYSTEM 
Total reaction value in mgms. H per liter 162 mgms. 
Chloride salinity 100% 
Primary salinity 24% 
Primary alkalinity 73% 
Secondary alkalinity 3% 
Note: Sodium by difference 
Remarks: Fluid level: 1,500 feet 
Sample taken: 1,804-1, 880 feet 
| Formation: Miocene 
Date: October 11, 1941 Laboratory San Lorenzo 


The field has reached the drilled-up stage in its central area, where a 231- 
meter triangular (approximately 11 acres) spacing was used, but many loca- 
tions, which are considered to be proved, remain to be drilled on the edges of the 
| heavy oil accumulation. The west flank was developed on a 4oo-meter triangular 
spacing (approximately 34 acres) with interspaced wells at 231 meters (11 acres). 

In the Veleto area, the drilling has been confined so far, to 600-meter square 
spacing (go acres). The limits of accumulation have not yet been fully determined 
in this area. 
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TABLE XX 
ANALYSIS OF WATER FROM MIDDLE Pavuji SANDSTONE, MENE GRANDE FIELD 


Field: Mene Grande Date sample collected: July 20, 1945 
Well No.: MG-482 Date sample analyzed: July 28, 1945 
Depth: 8,360, plugged back 7,981 feet | Method of sampling: ” While swabbing 


Color: Light yellow, slight turbidity) F 
Odor: Musty f After filtration 
is not present 

Free CO: is not present 

Naphthenic acids were not determined 

Total alkalinity is equivalent to 2,593 mgms. CaCO; per liter 
Total hardness isequivalent to 35 mgms. CaCO; per liter 
Temporary hardness is equivalent to 35 mgms. CaCO; per liter 
Permanent hardness is equivalent to Nil 


MODIFIED REISTLE SYSTEM 


Milligrams Equivalent Values 
Radical Per Liter without Adjustment 
Sodium (incl. potassium) Na’ 1,652 71.81 
Calcium 9 0.45 
Magnesium Mg” 3 0.25 
Positive sub-total 72.51 
Chloride Cl’ 605 19.60 
Sulphate SO,” 51 1.06 
Carbonate CO,’’ 108 3.60 
Hydrocarbonate HCO,” 2,044 48.25 
Negative sub-total 72.51 
Grand total 5,462 145.02 
PALMER’S SYSTEM 
Total reaction value in mgms. H per liter 145 
Chloride salinity 95% 
Primary salinity 28% 
Primary alkalinity 71% 
Secondary alkalinity 1% 
Note: Sodium by difference 


Remarks: Interval open: 7 ,960-7,974 feet 
Formation: Upper sand of middle Pauji 
Date: July 30, 1945 Laboratory San Lorenzo 


The production statistics of the Mene Grande field are given in Table XXI, 
which shows that most of the oil is produced by artificial lift. Apart from the gas 
lift wells, there are five central pumping powers and the remaining wells are 
pumped by individual units with gas engines. Intermittent gas lift is em- 
ployed on some of the shallow Miocene wells of the main field. A few wells with 
large water production from the Eocene are on straight gas lift. 

No figures are available on original reservoir pressures in the different accu- 
mulations in the Mene Grande field, but for the Miocene it is estimated to have 
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Year 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 


Total 


ANNUAL PRODUCTION 


Barrels 
200 
360,000 
200,000 
500,000 

1,510,000 

2,260,000 

3,270,000 

5,108,000 

6,303,170 

8,600,671 

10,029,458 
13,384,306 
15,280,256 
20,355,907 
II, 690,013 
13,181,589 
12,712,044 
15,012,576 
15,378,445 
1553775444 
14,348,844 
12,252,435 
12,235,405 
10,812,402 
12,496,698 
10, 240, 389! 
10,651,138 
11,701,610 
, 103 


278, 283,963 


PRODUCTION DURING DECEMBER, 1945 


LIGHT-MEDIUM OIL 


Total Daily Average Daily Number of 
Production Production Potential Producing 
(Barrels) (Barrels) (Barrels) Wells 
Flowing 1.820 1.833 6 
Gas lift 446 440 6 
Pumping 8.570 8.570 41 
Total 336.2590 10.836 10.849 53 
HEAVY OIL 
Total Daily Average Daily Number of 
Production Production Potential Producing 
(Barrels) (Barrels) (Barrels) Wells 
Flowing 1.820 1.820 5 
Gas lift 2.925 2.925 56 
Pumping 20.270 20.270 158 
Total 777.067 25.015 25.015 210 


Affected by adverse shipping situation. 
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been approximately 1,100 pounds per square inch at the base of the Main Oil 
zone at an average depth of 2,500 feet. A bottom-hole-pressure survey was made 
for the first time in 1940. It was repeated in 1941 but not since. Pressures at the 
mentioned level and average depth varied then between 380 and 600 pounds 
per square inch. Some years ago a gas repressuring scheme was tried. but was 
abandoned as no benefit could be ascertained from the experiment. 

Average gas-oil ratio of the field is about 365 cubic feet per barrel. Gas-oil 


TABLE XXII 


AVERAGE Dairy Propuction oF GAs tN MENE GRANDE FIELD DURING DECEMBER, 
1945, AND Its APPLICATION, IN CUBIC FEET 


Fuel for field operations To San Lorenzo refinery for fuel 
5,605,000 2,693,000 

Burned in flares Fuel for field operations 
1,666,000 1,909 ,000 


Total production | 


25,666,000 Compressor plant For straight gas lift 
I, 207,000 
Intake — Output 
18,395,000 12,876,000 
For intermittent gas lift 
6,234,000 
Casing-head gasoline Shellane gas Losses 
418 bbls. 1.16 metric tons 833,000 


ratios are generally low in the Miocene, but figures as high as 5,600 cubic feet 
per barrel have been recorded. In the Eocene, the maximum gas-oil ratio on the 
flanks of the structure is about 1,200 cubic feet per barrel. 

The average daily amount of gas produced during December, 1945, was 
25,666,000 cubic feet. Details on the uses of the gas are given in Table XXII. 
High-pressure gas from a large compressor plant is used for gas-lift work, and 
as fuel for the San Lorenzo refinery. During December, 1945, 12,774 barrels of 
casing-head gasoline were recovered in the plant. This gasoline is pumped through 
a separate line to San Lorenzo where it is blended with heavy gasoline and shipped 
to Curacao. The same plant turns out compressed gas for domestic use which is 
marketed in steel cylinders throughout Venezuela under the trade name “Shel- 
lane.” 

The presence of water in many wells entails the maintenance of a large de- 
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hydration system. The Eocene oil is produced together with a large quantity of 
water, forming a tight emulsion with the oil. Of a daily total of 5,500 barrels of 
fluid pumped into the dehydration system, only 1,500 barrels are clean oil. Most 
of this light-oil emulsion is treated with Turkey Red Oil and Tretolite. The me- 
dium oil is dehydrated in a Petreco electrical plant and at present some light oil 
is also being pumped into this plant. The heavy oil is treated with lime. In the 
near future all wet oil will be treated in the electrical units. 

Good potable water is found above the oil levels in certain parts of the field, 
and is used for domestic purposes. Water is also obtained from a river near the 
field and is pumped to the San Lorenzo refinery. 

All the oil produced in the Mene Grande field is pumped to San Lorenzo 
through two 8-inch pipelines, one for heavy, the other for medium-light oil. San 
Lorenzo is the site of the loading terminal and the refinery, which has a through- 
put of about 30,000 barrels daily. Most of the refined products are used to supply 
the Venezuelan market, but surplus crude and some refined products are shipped 
to Curacao. The refinery residue (heavy fuel) is also sent to Curagao. 


Part IV. FIELDS IN MARACAIBO AND MARA DISTRICTS 
La ConcerPciONn FIELD 
SITUATION AND DEVELOPMENT 


The Concepcion field is situated 24 km. (15 miles) west of Maracaibo in the 
Maracaibo District (Fig.1). It is linked to Maracaibo by an oiled road built by 
the Venezuelan Oil Concessions Limited. 

The field is located on a peneplain which extends from the foothills of the 
Perijé Range to the western shore of Lake Maracaibo and is covered by savannas 
and the forest typical for dry country with short rainy seasons. The elevation is 
approximately 230 feet above sea-level. The terrane presents no practical diffi- 
culties. 

The field was discovered as the result of geological investigations. Very low 
hills formed by the Miocene surround the crest of the La Concepcién structure 
on which Eocene beds are near the surface. Pitting in the crestal zone revealed 
the presence of an anticline complicated by faulting. 

There are no seepages at La Concepcién, but attention had been attracted to 
the area in general by the seepages at La Paz and along the foothills of the Perija 
Range. 

Drilling was started in 1924 with cable tools and exploitation began in 1925 
upon completion of the pipe line. Development was suspended in 1927 after 65 
wells had been drilled with cable tools, and only sporadic drilling with rotary 
rigs was carried out from 1930 to 1940. Active drilling for increased production 
was taken up once more in July, 1941, but was suspended again in April, 1944, due 
to the rapid production decline of the newly completed wells. 
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The whole Concepcién field is situated on concessions held by the Venezuelan 
Oil Concessions Limited. 
STRATIGRAPHY 


(Fig. 17) 
The formations observed so far in and around the Concepcion field belong to 
the Eocene and the Miocene. 


EOCENE 


The Eocene consists of a rather monotonous series of dark gray shales, dark 
gray, micaceous, carbonaceous sandy shales and gray sandstones. The sandstones 
occur in irregular lenses and beds varying in thickness from several millimeters to 
several meters throughout the section. Grain size varies from very fine to coarse. 
Two better defined sandstone bodies are called the Ramillete sands and Punta 
Gorda sands after structural units of the field in which they are the main pro- 
ducing beds. 

The Eocene perforated at La Concepcién is subdivided into upper and lower 
Concepcién formation. The division between the formations is rather indeter- 
minate and is placed arbitrarily in the shale group between the Punta Gorda 
sands and the Ramillete sands. Characteristics of the upper Concepcién formation 
are the common presence of a foraminiferal fauna of brackish type composed of 
several Trochammina and Agathammina species, and of pebbled garnet, while 
etched garnets are predominant in the faunally poor lower Concepcién forma- 
tion. 

It has not yet been possible to correlate these formations over large distances 
but at present it seems probable that the Concepcién formation corresponds 
with the lower Micaceous sandstone in the Bolivar District and to part of the 
Paso Diablo and Mostrencos formation!’ in the Dibujo synclinorium. 

All production of the Concepcién field is derived from the Eocene, mainly 
from the Ramillete and Punta Gorda sands, to a small degree from the Upper 
sands (upper Concepcién formation above the Ramillete sand) and from the so- 
called C-107 sands (lower Concepcién formation below Punta Gorda sand). 


MIOCENE 


Most wells of the Concepcién field started drilling in the Eocene, and knowl- 
edge of younger formations is therefore very scanty. So far three formations of 
Miocene age or younger have been found, from top to bottom: Maracaibo series, 
La Rosa formation, and Icotea formation. 

Icotea and La Rosa formations.—The presence of the La Rosa formation on 
the southeast flank of the Concepcidén anticline (Punta Gorda flank) was proved 
by faunal evidence in one well (C-132). It consists of bluish green shales and may 
reach a thickness of 365 feet. 


‘7 See H. D. Hedberg and L. C. Sass, op. cit. 
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In view of the lithological resemblance to the Icotea formation of the Bolivar 
District, a group of sands showing on the electrical log of the same well between 
the Eocene and the La Rosa is thought to belong to this formation. The two 
formations presumably overlie the Eocene unconformably and in turn are cut 
off by the transgression of the Maracaibo series, as they have not been found at 
the surface. 

Maracaibo series—The Maracaibo series consists of a thick series of mottled, 
massive clay or sandy clay with a few sand intercalations. It has a wide extent in 
the Mara and Maracaibo districts and is known to transgress with a basal con- 
glomerate over Eocene and Cretaceous down onto the pre-Cretaceous basement 
in the western parts of these districts. This series is present in La Concepcién 
where it transgresses onto the Eocene and presumably over the Icotea and La 
Rosa formations and forms the low hills surrounding the field. It has been in- 
volved in the last phase of folding and is therefore tentatively placed in the 
Miocene but so far no fossils allowing an age determination have been found. It 
is thought to be the equivalent of the Lagunillas and La Puerta formations of the 
Bolivar District and of the Los Ranchos and La Villa formations known in the 
Perija District.'® 

STRUCTURE 


(Figs. 18 and 19) 


Structurally, the field is located on a steeply folded anticline which is strongly 
disturbed by longitudinal faulting and, to a less degree, by cross faults. The Con- 
cepcion structure is divided by these faults into five main structural units which 
are: South Concepcidén structure, Los Teques structure, Ramillete flank, Punta 
Gorda structure, and Guacharaca block. 

Correlation within and between the structural blocks is mainly based on 
Schlumberger logging, to some extent on micro-palaeontological and heavy- 
mineral investigation. The South Concepcién structure is the symmetrical plunge 
of the anticline. It has a flat apex several hundred meters wide and steep flanks. 
The structure appears to be moderately favorable for oil accumulation, but little 
oil has yet been produced in this block because of insufficient exploration. 

Los Teques structure is believed to be the highest uplift of the La Concepcién 
anticline. It is a steeply folded anticline on which the crest is down faulted with 
respect to the flanks. The early development of the field was confined to this 
structural unit. 

The Ramillete flank has the best sand development and therefore supplied the 
bulk of the Concepcién production. It is part of the northwest flank of the struc- 
ture which dips here approximately 25° and is probably divided into several 
blocks by cross-faults. It is downthrown with respect to the Los Teques block. 

The Punta Gorda structure comprises the crest and the southeast flank opposite 
the Ramillete and Guacharaca blocks of the northwest flank, and is separated 


18 See H. D. Hedberg and L. C. Sass, op. cit. 
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Fic. 18.—Tectonic map of La Concepcién field, according to L. U. de Sitter. Scale, 3 inch=1 kilometer. 
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from them by a series of crest faults. In the central part of the structure, the 
crest faults dip 45°—-50° toward the southeast; but in the north, their hade is 
probably much steeper. Displacement is normal, that is a southeasterly down- 
throw, which brings the crest of the structure to approximately the same height 
as the upper edge of the Ramillete flank. The dip of the Punta Gorda flank is 
about 50°. 

The Guacharaca block is the northernmost part of the northwest flank which 
dips here approximately 50°. It is somewhat downthrown along a cross fault 
with respect to the Ramillete flank. 


OIL AND GAS RESERVOIRS 
(Fig. 17) 

The oil and gas produced in the Concepcidn field is obtained from sands of 
Eocene age which are now divided into three main oil zones as follows. 

The Upper sands include all the lenticular sands found above the Ramillete 
sand and, together with this sand, constitute so far the main productive levels 
in the Los Teques structure. They are also oil-bearing on the Punta Gorda flank 
and on the Ramillete flank. 

The Ramillete sands have been the most prolific oil level in La Concepcién. It 
consists of several sandstones which, on the Ramillete structure, have a total 
thickness of about 180 feet. Average initial production on the Ramillete struc- 
ture has been about 1,000 barrels but decline is rapid. Average porosity of the 
sandstone is 21 per cent and permeability measurements indicated values up to 
600 millidarcys. Total recovery from this sand which is well developed only on 
the Ramillete flank has been high, with gravity ranging from 33° to 36° A.P.I. 
(S.G. 0.860-0.844). 

The Punta Gorda sands, which have only been exploited in recent years, have 
given an average initial production of about 380 barrels daily, but decline is very 
rapid in the early stages. They consist of a series of sandstones totalling approxi- 
mately 220 feet in thickness. Core samples have an average porosity of 18.5 
per cent and permeability ranges up to 300 millidarcys. A series of thin, lenticu- 
lar sands (C-107 sands) occurs below the Punta Gorda sands, but is usually pro- 
duced together with the Punta Gorda sands. 


DRILLING AND COMPLETION PRACTICE 


There has been no drilling in La Concepcién since 1944. The last wells drilled 
had depths varying from 3,500 feet to 4,500 feet, and were completed in two to 
five weeks with an 83-inch surface string cemented at about 100 feet. and a 5- 
inch combination oil string cemented through ports above the top of the sands 
to be taken into production. Later on, in many wells the casing was gun per- 
forated for production from the more promising sand bodies in the Upper sands. 
The majority of the wells could be drilled with a Franks portable outfit, although 
in the deeper wells steam rigs had to be employed. 
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Little coring for structural information has been done in recent wells, as 
correlation has been possible by means of Schlumberger electrical logging. Gam- 
ma-ray surveys were made in some wells of the field, mainly in the Los Teques 
area which had been drilled before electrical logging became available. 


PRODUCTION 


A total of 147 wells had been drilled in La Concepcion at the end of 1945. 


TABLE XXIII 
Propuction Statistics OF LA CONCEPCION FIELD 


ANNUAL PRODUCTION 


Year Barrels 

1925 348, 283 

1926 862,644 

1927 565,480 

1928 = 

1929 79,785 

1930 35199 ,043 

4,574,011 

1932 2,094,854 

1933 2,096,352 

1034 1,737,874 

1935 1,404,775 

1936 1,149,498 

1037 1,031,764 

1938 918, 133 

1939 879,156 

1940 838,967 

1941 I 405 

1942 1,709,608 

1943 1,712,281 

1944 1,357,774 

1945 1,355,106 

Total 29,118,793 

PRODUCTION DURING DECEMBER, 1945 
Total Daily Daily No. of 
Production Average Potential Producing 
(Barrels) (Barrels) (Barrels) Wells 
Flowing 263 263 3 
Pumping 
104, 838 3,378 3,378 93 


Ninety-three of them were actually producing (flowing 3, pumping go), 34 had 
been abandoned, and the remaining wells were not producing for various reasons 
(repairs, gas conservation). 

In the Los Teques area there remains only one flowing well; the others are 
pumped by two central pumping powers, as wells in this part of the field are 
shallow. Most of the wells on the Ramillete flank are now also produced on the 
pump. There is a gas cap on the crest of the Ramillete flank in the Ramillete 
sands, and some wells located in this area are closed due to high gas-oil ratio. 
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TABLE XXIV 
CHARACTERISTICS OF LA CONCEPCION CRUDE OIL 


GENERAL 
Type Paraffinic 
Specific gravity range 0.820 to 0.870 
A.P.I. gravity range 
CRUDE OIL TAKEN FROM MAIN STORAGE, APRIL, 1945 
Specific gravity 60/60°F. 0.8451 
A.P.I. gravity 
Color by reflected light Dark green 
Color by transmitted light Dark green 
Viscosity Engler at 30°C. 1.54" 
Viscosity Engler at 50°C. 1.29° 
Flash point Below 50°F. 
Pour point test Below 32°F. 
Parafiine wax 3-077 
Setting point of parafline wax 56°C. 
Sulphur 0.70% 
Initial boiling point 85°C. 


CRUDE OIL RECEIVED IN CURAGAO DURING DECEMBER, I945 
Yields by volume 


Gasoline 25.56% 
Gas oil 30.03% 
Fuel Oil 42.81% 


PROPERTIES OF PRODUCTS 
Gasoline 


Specific gravity at 60°F. 0.747 
Distilling up to 100°C. (A.S.T.M.) 173% 
F.B.P. (A.S.T.M.) 205°C. 
Octane number (C.F.R. Motor method) 49 
Gas oil 
Specific gravity at 60°F. 0.831 
Distilling up to 300°C. (A.S.T.M.) 75% 
Sulphur content 0.23% 
Diesel index 64.8 
Fuel oil 
Specific gravity at 60°F. ©.907 
Viscosity Redwood I at 1oo°F. 581 sec. 


Wells showed initial productions of 600-1,000 barrels per day when drilling 
was last done but decline was rapid and the pumping stage was very soon reached. 
Thereafter, however, the decline rate became almost negligible. Over-all decline 
rate of the Concepcién field is now about 1 per cent monthly. At the end of 1945 
the daily potential was approximately 3,400 barrels, and the field was produced 
to capacity. Table XXIII contains production statistics and the characteristics 
of the Concepcién crude oil are given in Table XXIV. 

To date there is no incursion of edge water, with the possible exception of the 
Ramillete sands where some slight encroachment is suspected. In general, the 
field is producing by gas drive. Water production is small and presents no prob- 
lem as the water settles by itself in the flow tanks. 
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Gas-oil ratios are generally high, and on the flanks of the structure values 
ranging from 17,000 to 40,000 cubic feet per barrel of oil have been registered 
A considerable amount of gas is produced, and in 1940 the Venezuelan Oil Con- 
cessions Limited contracted with the Venezuelan Government to provide the 
town of Maracaibo, free of charge, with gas for domestic and industrial uses, in 
line with the Royal Dutch Shell Group’s policy of assisting in local progress 
whenever possible. The amount of gas stipulated in the contract is approximately 
35,300,000 cubic feet per month. 

The average daily amount of gas produced during December, 1945, was 
5,750,00 cubic feet, of which 1,413,000 cubic feet were utilized in the field or 
delivered to Maracaibo. Of the latter volume the field used 695,000 cubic feet 
and Maracaibo received 718,000 cubic feet. 

The gas which is delivered to the city of Maracaibo has the following approxi- 
mate composition. 


Percentage 
Carbon dioxide (COz) 2.8 
Methane (CH,) 70.9 
Ethane (C2He) 8.2 
Propane (C3Hs) 8.2 
Butanes (C4Hio) 6:2 
Pentanes and heavier 339 


The specific gravity of the gas as it comes from the well is about 0.89 (air =1). 
The lower heating value is approximately 11,000 kilo calories per cubic meter 
(approximately 300 kilo calories per cubic foot). 

The first bottom-hole-pressure survey was made in 1927, the last complete 
survey in 1941. No figures of the original reservoir pressure are available, but it 
is estimated that it was approximately 850 pounds per square inch at the top of 
the Ramillete sands at an average depth of 2,000 feet. In 1941 pressure had 
dropped to zero at the same level in some wells on the Ramillete flank. An experi- 
ment was made at that time to put some of the surplus gas back into the reservoir 
under pressure, but was discontinued after several months as uneconomical 
since the gas blew through to the lower structural wells quickly and no improve- 
ment in recovery became apparent. Furthermore, the injection pressures required 
were very high. 

The proved area of the Concepcidn field is about 1,000 hectares (2,470 acres). 
Wells have been drilled on various spacing patterns with distances of 120-250 
meters (3—12 acres). A few locations remain to be drilled but, due to the sharp 
decline experienced in the more recent wells, further drilling for Eocene produc- 
tion is not considered at present. The field has, however, good prospects of pro- 
duction in deeper levels, notably the Cretaceous. 

The Concepcién oil is pumped to the Punta Piedras Terminal on Lake Mara- 
caibo, which is 25 km. (15.6 miles) from the field and a short distance south of 
Maracaibo. From there it goes by shallow-draft tanker to Curagao for refining. 

Drinking water for La Concepcién and La Paz is produced from several shal- 
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TABLE XXV 
ANALYSIS OF WATER FROM LA CONCEPCION FIELD 
Field: La Concepcién Date sample collected: February 4, 1944 
Well No.: C-145 Date sample analyzed: February 18, 1944 
Depth: 4,216 feet Interval open: 2,265-4, 200 feet 
Color: Colorless, clear \after filtration 


Odor: Of petroleum acid soaps f{ 

HS is not present 

Free CO: is not present 

Naphthenic acids were not determined 

Total alkalinity is equivalent to 1,600 mgms. CaCO; per liter 
Total hardness is equivalent to 189 mgms. CaCO; per liter 
Temporary hardness is equivalent to 189 mgms. CaCO; per liter 
Permanent hardness is equivalent to Nil mgms. CaCO; per liter 


MODIFIED REISTLE SYSTEM 


. Milligrams Equivalent Values 
Radical Per Liter without Adjustment 
Sodium (incl. potassium) Na’ 4,703 204.47 
Calcium Ca” 49 2.45 
Magnesium Mg” 16 £32 
Positive sub-total 208.24 
Chloride cr 6,250 176.25 
Sulphate SO,” 
Carbonate CO,” 24 0.80 
Hydrocarbonate HCO;” 1,903 31.19 
Negative sub-total 208.24 
Grand total 12,945 416.48 


PALMER’S SYSTEM 


Total reaction value in mgms. H per liter 416 

Chloride salinity 100% 
Primary salinity 85% 
Primary alkalinity 13% 
Secondary alkalinity 2% 


Note: Sodium by difference 


Horizons open: Punta Gorda sands and deeper sands 
Laboratory San Lorenzo 


low wells near Punta Piedras, and is pumped to the fields through a 5-inch pipe 
line. The gas line for the supply of Maracaibo with gas from La Concepcion is 
27 km. (17 miles) long and consists of 6-inch welded pipe line. 


La Paz FIELD 


SITUATION AND DEVELOPMENT 


The La Paz field is situated in the Maracaibo District, about 45 km. (28 
miles) west of Maracaibo, and 20 km (12.5 miles) west and slightly north of the 
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Concepcién field (Fig. 1). An oil road built by the Venezuelan Oil Concessions 
Limited connects the two fields, which are under one administration situated in 
La Concepcién. 

La Paz is located on the peneplain which extends from the foothills of the 
Perija Range to the shore of Lake Maracaibo. The elevation is approximately 230 
feet and the terrane presents no practical difficulties. 

The field was discovered as the result of geological investigations. A large 
zone of seepages accompanies the crest of the La Paz structure and made the 
area conspicuous to the early geologists. Eocene and Cretaceous (Guasare for- 
mation) reach the surface on the highest part of the anticline. 

Drilling started in 1922 with cable tools, and the field came into production 
from shallow sands in 1925 upon completion of the pipe line. Drilling was sus- 
pended in 1927 after 30 wells had been completed. It was resumed in 1930 with 
rotary equipment, but was suspended again after four wells had been drilled. 

In 1942 drilling was resumed to increase the production of light oil from the 
La Paz field. In 1944 a test which was drilled beyond the shallow levels then in 
exploitation resulted in the discovery of prolific accumulation in the lower part 
of the Cretaceous section. 

A detailed seismic survey of the structure was carried out during the same 
year. The top of the Cretaceous was contoured on seismic reflections and the re- 
sulting map has served as a guide for subsequent outstepping and deep drilling. 

The entire field is situated on concessions held by the Venezuelan Oil Conces- 
sions Limited. 

STRATIGRAPHY 
(Fig. 20) 


The formations present in the La Paz field belong to the pre-Cretaceous base- 
ment, the Cretaceous, and the Tertiary. 


PRE-CRETACEOUS 


The pre-Cretaceous basement was reached in well P-79 where it consists of 
granodiorite according to determinations by José Mas Val, mineralogist of the 
Creole Petroleum Corporation, Maracaibo. This rock is dark gray, coarse- to fine- 
grained, and is strongly weathered in the uppermost 6 feet, where it has a greenish 
brown color. The weathered zone is immediately overlain by 32 feet of coarse grits 
and sands, which at the base consist to a great extent of coarse angular to sub- 
angular quartz grains derived from the granodiorite. These grits and sands repre- 
sent the base of the Cretaceous which clearly lies transgressively on an old ero- 
sional surface, and the age of the granodiorite is thus pre-Cretaceous. 


CRETACEOUS 

The Cretaceous of La Paz is subdivided into the following formations, from 

top to bottom: Guasare formation, La Paz shales, basal Colén limestone, La 
Luna formation, and Cogollo formation. 
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Fic. 20.—Type section of La Paz field. 
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Basal Colén limestone, La Paz shales, and the Guasare formation together 
are sometimes also called La Paz series. 

The assignation of the Guasare to the Cretaceous is somewhat arbitrary and 
should not be considered as final. Several authors'!® have placed the Guasare 
in the Paleocene and some have claimed that it is transgressive. However little 
evidence has been adduced for the latter assertion, and it is the writer’s opinion 
that sedimentation was not interrupted in the Mara and Maracaibo districts at 
the end of the Cretaceous. It is difficult to determine the boundary between Cre- 
taceous and Tertiary in this area as fossil evidence is scanty but one is admittedly 
tempted to consider the strong, though gradual facies change from the La Paz 
Shales to the Guasare formation as an argument to place the whole Guasare in the 
Paleocene.” This question can, however, only be solved by thorough paleon- 
tological and stratigraphical studies, and until they are forthcoming the Guasare 
has been temporarily assigned to the Cretaceous. 

Cogollo formation.—The Cogollo formation transgresses over the basement 
with some basal grits and sands. The Tomén or Uribante formation, which is the 
earliest Cretaceous formation known in the Tarra fields, the Barco Concession 
(Colombia) and the Mérida Andes, is absent in La Paz. 

The Cogollo formation consists mainly of massive, non-bedded and commonly 
fossiliferous limestones. A great part of it is sand-streaked and has a reworked 
aspect which seems to indicate disturbed sedimentation. A well defined marl 
layer of 100 feet thickness at the top of the lower third subdivides the formation. 

La Luna formation.—Approximately 330 feet of black, thin-bedded to slaty, 
marly limestone with intercalated beds of gray, crystalline limestone, and lime- 
stone concretions of varying sizes compose the La Luna. Fossil remains are 
abundant (globigerinids, Inoceramus, fish remains) and the whole formation is 
highly bituminous. 

Basal Colén limestone.—A sharp facies change accompanied by a thin glauco- 
nite bed marks the beginning of a new series which overlies the La Luna formation 
conformably. At the base of this so-called La Paz series we find the basal Colén 
limestone which consists of the glauconite zone (18 feet) and of 65 feet of light 
gray, marly limestone. Together with the lower third of the overlying La Paz 
shales, it corresponds closely with the Colén formation of the Tarra fields, hence 
its name. 

The glauconite zone is a regional feature in western Venezuela. The basal 
Coldén limestone has been observed only in wells in the Mara and Maracaibo dis- 
tricts and in outcrops along the Sierra de Perija. It contains practically the same 
fauna as the lower part of the La Paz shales. 

La Paz shales —The La Paz shales reach a maximum thickeness of 2,000 


19 H. D. Hedberg and L. C. Sass, op. cit. R. A. Liddle, of. cit. (1943). F. A. Sutton, “Geology of 
Maracaibo Basin, Venezuela,” Bull. Amer. Assoc. Petrol. Geol., Vol. 30, No. 10 (October, 1946). 


20 H. P. Schaub, “Outline of Sedimentation in Maracaibo Basin, Venezuela,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 32, No. 2 (February, 1948), pp. 215-27. 


> 


600 


STAFF OF CARIBBEAN PETROLEUM COMPANY 


. 
e 
om 4 
cco 
206 
g not 


[ =Sayout Ajayeurxoiddy “pray zeg jo deur 


601 


J®A2] SHE] 722}; UI 
SITWHS Zvd W1 sunojuoy 


abedaas gp 


(008! 
70 
0002 
See 


0052 


Oost 


OIL FIELDS OF WESTERN VENEZUELA 


\ 


s 
e 
05, 
\ 
ON e 
e 
e 
e ° 
1 > 
4 


602 STAFF OF CARIBBEAN PETROLEUM COMPANY 


feet which is generally somewhat reduced in La Paz, probably due to faulting. 
They consist of dark gray shales in which a thin sand zone (P-62 sand) is inter- 
calated in some places about 350 feet above the base of the shales. The lower 
third of the formation contains a rich marine foraminiferal fauna which allows 
close correlation with the Colén formation, The upper two thirds are faunally 
much poorer and correspond with all or part of the Mito Juan formation. 

Guasare formation—The Guasare formation consists of lenticular sands, cal- 
careous sandstones, and sandy shales with thin limestone intercalations. The 
limestones which are fossiliferous and commonly glauconitic are estimated to 
amount to 10-15 per cent of the formation which has a maximum thickness of 
1,150 feet. Ostracods comprise a considerable part of the fauna. Correlation with 
the Guasare formation of the Dibujo synclinorium is based on lithologic resem- 
blance and similar stratigraphic position. 


TERTIARY 


The Tertiary formations present in La Paz belong to the Eocene or the Mio- 
cene. 

Eocene.—The Eocene is represented by a group of interbedded sandstones 
and sandy shales which are usually called Upper sands. The presence of many 
coal seams is typical for the lower part of the Upper sands, in which sands are 
predominant. 

Comparison of logs from different parts of the La Paz field indicate that the 
Eocene lies unconformably on the Guasare formation, which is considerably 
thinner on the east flank than on the west flank of the anticline. 

The maximum observed thickness of the Eocene is about 1,650 feet. It is 
generally assumed that the Upper sands correspond with part of the Eocene pres- 
ent in the La Concepcion field, but there is insufficient evidence to allow a close 
correlation. 

Miocene.—The Maracaibo series, described previously, transgresses on the 
Eocene at La Paz, where older Miocene formations are not present. 


STRUCTURE 
(Figs. 21 and 22) 


The La Paz field is located on a crest-faulted, southwest—northeast anticline 
with a steep northwest flank and a less inclined southeast flank. The anticline 
is narrow in the southern part of the field and even the southeast flank dips 
between 50° and 60° in a narrow zone near the crest. Farther north the structure 
widens and the southeast flank dips only about 20°. 

The northwest flank is steep everywhere in the narrow zone from which well 
information is available, and the dip varies between 50° and 70°. Seismic surveys 
indicate, however, that this steep zone is only about 1 km. wide and then flattens 
abruptly. 

The crest of the anticline is shattered by a series of longitudinal faults, which 
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appear to dip steeply southeast. The throw of the crestal faults is not well defined, 
but appears to be small. Downthrow seems to be toward the southeast in some 
places, toward the northwest in others. Several cross-faults and longitudinal] 
faults have been located on the southeast flank of the anticline. 

Most tectonic information is derived from the shallow formations. Little is 
known of the deeper parts of the structure which were reached by a few scattered 
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Fic. 22.—Cross section through La Paz field, according to G. Dickinson. 
Horizontal and vertical scales equal (see left margin). 
wells only. It is quite possible that the anticline is less accentuated in the Lower 
Cretaceous formations than higher in the section. 


OIL AND GAS RESERVOIRS 
(Fig. 20) 

The characteristics of the Eocene and the Guasare formations (shallow levels) 
as oil-producing formations have now been fairly well established, but those of 
the Lower Cretaceous formations (deep levels) are still a matter of speculation. 
In the shallow levels oil is produced from sands at the base of the Eocene and from 
sands throughout the Guasare formation. The higher Eocene sands are commonly 
water-bearing. 
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The accumulation in the shallow levels is essentially of the structural type but 
the unconformity between the Eocene and the Guasare formation and the lenticu- 
lar sand development in both formations also influence it to a considerable extent. 

The reservoir is open in the southern part of the field, where heavy oil seeps 
out and forms large asphalt deposits and where the water table is generally much 
higher than in the north. The oil produced near the seepages is the heaviest ob- 
tained in the field. 

The available determinations indicate an average porosity of 26 per cent for the 
Upper sands (Eocene) and 22 per cent for the unconsolidated sands of the 
Guasare formation. Permeability in both formations is good, commonly as high 
as 500 millidarcys. Some of the calcareous sandstones in the Guasare formation, 
however, have low porosity and permeability. Both formations are usually pro- 
duced together where the Eocene is oeenting. 

Gravity of the oil varies from 29.3° to 12.9° A.P.I. (S.G. 0.88-0. 98) and it has 
been possible to recognize areas which produce crudes of different gravity. Devel- 
opment during recent years was concentrated in light-oil areas. In general the 
Eocene appears to produce somewhat heavier oil than the Guasare formation, but 
heavy oil has also been obtained from the latter. 

The oil obtained from the Lower Cretaceous formations has an average grav- 
ity of 33.6° A.P.I.(S.G. 0.857). Production comes from the Coldén basal limestone, 
from the La Luna, and from the Cogollo formations. A considerable amount of 
study is still required to determine the characteristics of this reservoir. 


DRILLING AND COMPLETION PRACTICE 


Some of the wells aiming at production from the shallow levels have been 
drilled with a Franks portable outfit, but it was found preferable to use a steam 
rig for the deeper wells on the flanks of the structure. Depth varies from 2,000 to 
4,000 feet. The average time for these wells during the present drilling campaign 
is about 1 month to 6 weeks. Wells drilled into the lower levels require much more 
time but experience is insufficient to determine average drilling time. Depth 
varied from 4,000 to 6,500 feet and these wells were drilled with steam rigs. 

The completion practice for wells drilled into the shallow levels is to cement a 
10f-inch surface string at 200 feet and drill to final depth. It is then determined 
from the Schlumberger log which section is to be produced and a 7-inch water 
string is cemented at appropriate depth in order to shut off the water from higher 
sands. A 43-inch, 0.012-gauge wire-wrapped screen liner is hung with a Brown 
liner-hanger against the productive formation and washed into production. In the 
case of the lower section the practice, so far, has been to cement 133-inch or 103- 
inch casing at about 1,000 feet and drill into the top of the Colén limestones, 
where 03-inch or 7-inch casing is cemented. Wells are then drilled to final comple- 
tion depth and brought into production from the open hole. 

Considerable coring, ditch sampling, and wall sampling have been carried out 
in all formations, as correlation relies on micro-paleontological determination as 
well as on Schlumberger logging. 


bey 


OIL FIELDS OF WESTERN VENEZUELA 605 


PRODUCTION 


A total of 91 wells had been drilled in the La Paz field at the end of 1946. 
Forty-eight wells were actually producing (flowing 21, pumping: 22, gas-lift 5), 
nine had been abandoned, and the remaining wells were either closed or idle for 
various reasons. 

Initial production from the shallow levels in La Paz has ordinarily been 


TABLE XXVI 
PRODUCTION STATISTICS OF LA Paz FIELD 


ANNUAL PRODUCTION 


Year Barrels 

1925 265,276 

1926 751,470 

1927 206,328 

1928 15,392 

1929 83,004 

1930 336,186 

1931 661,514 

1932 402,919 

1933 261,304 

1934 227,107 

1935 167,155 

1936 173,816 

1937 319,052 \ 

1938 832,583 

1939 522,098 

1940 449 , 232 

1941 417,366 

1942 309 ,75¢ 

1943 1,102,776 

1944 3,642,348 

1945 8,049 ,038 

Total 19,195,804 

PRODUCTION DURING DECEMBER, I945 
Average Average 
Daily Production Daily Potential N®. of 
(Barrels) (Barrels) 

Flowing 24,500 24,500 19 
Pumping 2,470 2,470 40 
Total 836,560 26,970 26,970 59 


between 300 and 1,000 barrels, with a decline of'around 2 per cent per month. 
However, due to the varied nature of the producing formations and the difference 
of the sands taken into production in different wells, results have been erratic and 
difficult to assess. 

Initial production rates of the deeper levels also vary considerably and figures 
as low as 120 barrels per day have been observed. Probably a representative 
average is 5,000 barrels, but only a few wells have reached the deeper levels. 

Production records of the La Paz field are given in Table XXVI; daily produc- 
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tion was 55,000 barrels at the end of 1946, of which 90 per cent was from the 
limestone. Analytical data on the La Paz oil are assembled in Table XX VII. 

Gas-oil ratios are relatively low and amount to 600-850 cubic feet per barrel of 
oil for both shallow and deeper levels. 


TABLE XXVII 
CHARACTERISTICS OF LA Paz CRUDE OIL 


GENERAL 


Type Asphaltic 

Specific gravity range 0.850 to 0.980 

A.P.I. gravity range 35°-12:9° 
CRUDE OIL TAKEN FROM MAIN STORAGE, APRIL, 1945 

Specific gravity 60/60° 0.8717 

A.P.I. gravity 30.8° 

Color by reflected light Black 

Color by transmitted light Dark brown 

Viscosity Engler at 30°C. 2.26° 

Viscosity Engler at 50°C. 1.62° 

Flash point Below 50°F. 

Pour point test Below 32°F. 

Paraffine wax 1.77% 

Setting point of paraffine wax 56°C, 

Sulphur 1.7% 

Initial boiling point 62°C. 


CRUDE OIL RECEIVED IN CURACAO DURING DECEMBER, 10945 
Yield by volume 


Gasoline 22.43% 
Gas oil 26.45% 
Fuel Oil 50.12% 

Properties of products 

Gasoline 
Specific gravity at 60°F 0.734 
Distilling (A. S.T.M.) 25% 
F.B.P. (A.S.T.M.) 203°C. 
Octane number (C,.F.R. Motor method) 47 

Gas oil 
Specific gravity at 60°F. 0.836 
Distilling up to 300°C. (A.S.T.M.) 753% 
Sulphur content 0.74% 
Diesel index 60.3 

Fuel oil 

Specific gravity at 60°F. ©.045 
Viscosity Redwood I at 100°F, 2,110 sec. 


Of the gas produced about one million cubic feet per day is piped to Mara- 
caibo for domestic supply in accordance with an agreement with the Venezuelan 
Government by which the Venezuelan Oil Concessions Limited deliver gas free of 
charge to the town. The installation of a gasoline absorption plant is planned for 
the near future. 
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TABLE XXVIII 
ANALYSIS OF WATER FROM GUASARE FORMATION, LA Paz FIELD 
Field: La Paz Date sample collected: May 8, 1945 
Well No: P-81 Date sample analyzed: May 26, 1945 
Depth: 3,270 feet 


Color: Colorless, clear 
Odor: Of Petroleum acid soaps{ 


HS is not present 

Free CO, is not present 

Naphthenic acids were not determined 
is equivalent to 1,146 mgms. CaCO; per liter 


Total alkalinity 
Total hardness 


Temporary hardness is equivalent to 
Permanent hardness is equivalent to 


is equivalent to 


MODIFIED REISTLE SYSTEM 


latter filtration 


159 mgms. CaCO; per liter 
159 mgms. CaCO; per liter 
Nil mgms 


. CaCOs per liter 


Milligrams Equivalent Values 
Radical Per Liter without Adjustment 
Sodium (incl. potassium) Na’ 5,999 260.82 
Calcium Ca’ 34 1.70 
Magnesium Mg” 18 1.48 
Positive sub-total 204.00 
Chloride cr 8,550 241.11 
Sulphate so,” 
Carbonate CO,’ 84 2.80 
Hydrocarbonate HCO;”” 1,226 20.00 
Negative sub-total 264.00 
Grand total 15,911 528.00 


PALMER’S SYSTEM 


Total reaction value in mgms. H per liter 


Chloride salinity 
Primary salinity 
Primary alkalinity 
Secondary alkalinity 


Note: Sodium by difference 
Interval open: 2,990-3,270 feet Guasare formation 


Date: June 4, 1945 


Laboratory San Lorenzo 


Some water is produced with the oil obtained from the Eocene and the Gua- 
sare formations. This does not seem to be connected with a water drive, but 
apparently some sands of the producing section are water-logged and can not 
easily be excluded from production. An analysis of water from the Guasare for- 
mation is given in Table XXVIII. 

The first pressure-bomb survey of the La Paz field was made early in 1944. 
Only the shallow levels were covered and pressures in this reservoir varied from 
200 to 800 pounds per square inch at an average depth of 2,000 feet. The original 
pressure of the reservoir is unknown. 
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So far, the proved area of the La Paz field extends 63 km. along the axis of the 
structure with a maximum width of 2 km. covering an area of about 1,500 acres. 
The limits of production in the deep levels have not been determined. 

The field has been developed in recent years on a 400-meter square (approxi- 
mately 4o acres) spacing plan as far as the shallow levels are concerned. 

The oil is pumped from La Paz via La Concepcién or Mara to the terminal at 
Palmarejo. It is sent from there by shallow draft tankers to Curacao. 


TABLE XXIX 
CHARACTERISTICS OF TETONES CRUDE OIL 


Specific gravity 60/60°F. 0.8846 
A.P.I. gravity 28.5° 
Color by reflected light Black 
Color by transmitted light Dark brown 
Viscosity Engler at 30°C. 3307" 
Viscosity Engler at 50°C. 2.01° 
Flash point Below 50°F. 
Pour point test Below 32°F. 
Paraffine wax 2.30% 
Setting point of paraffine wax 58°C. 
Sulphur 2.07% 
Initial boiling point 68° 
Yields by volume 

Gasoline 21.4% 

Gas oil 23.4% 

Fuel oil 54.2% 


TETONES FIELD (MarRA) 


The Tetones area is situated in the Mara District about 30 km. (18 miles) 
north of La Concepcién (Fig. 1). A wildcat completed on this structure in 1945 
found prolific production in the Cretaceous formations. This well was located on 
information obtained through surface geology, gravity, structure drilling, and 
seismic surveys. All these methods indicated the presence of a steeply folded 
anticline. By detailed reflection shooting sufficient information was obtained to 
contour the top of the Cretaceous and the resulting map is serving as a guide for 
further development. 

By the end of 1945 two wells were drilling but only the discovery well was 
completed. It produced 28.9° A.P.I. gravity (S.G. 0.882) oil (Table XXIX) at 
the rate of 6,160 barrels daily. A pipe line of 28 km. (17 miles) and a loading 
terminal at Palmarejo north of Maracaibo were completed and also two oiled 
roads connecting Tetones with Palmarejo and with the Concepcidn field, from 
which Tetones is administered. 

Production during December, 1945, was 186,059 barrels, and total production 
amounted to 1,140,466 barrels at the end of the year. The gas-oil ratio was 
approximately 560 cubic feet per barrel and about one third of the gas was used 
in operations. At the end of 1946, five wells were drilled and had a daily capacity 
of approximately 20,000 barrels. 
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Stratigraphical and tectonical conditions of Tetones are similar to those of La 
Paz. Very little is as yet known regarding the reservoir conditions and much fur- 
ther investigation and drilling will be required to obtain a clear picture of the 
extension of the reservoir and characteristics. 


Part V. TARRA FIELD 
SITUATION AND DEVELOPMENT 


The Manueles and Cruces fields of the Colén Development Company are 
situated on the so-called Tarra anticline in the Colén District, State of Zulia, at a 
distance of about 230 kilometers (143 miles) south and a little west of Maracaibo, 
and approximately 100 km. (62 miles) in a direct line from the southern extremity 
and nearest part of Lake Maracaibo (Fig. 1). 

The fields are jocated on a narrow range of strongly dissected hills which are 
the morphological expression of the anticline. The terrane presents difficult prob- 
lems for road building and selection of locations. Well elevations range from 170 
to 700 feet above sea-level. The Tara and Zulia rivers flow at a distance on either 
side of the hills in low, partly swampy plains. 

When exploration started in 1914 the whole area was covered with tropical 
forest and was uninhabited, excepting the hostile Motilone Indians. In the early 
days material was moved across Lake Maracaibo and on the Catatumbo River 
to two small river ports on the Tarra River. To-day a small railroad connects the 
little town of Encontrados with the Tarra fields. An airfield provides easy access 
to Casigua, the main camp for the area, and around the company’s installations 
and camps several agricultural settlements have sprung up. 

For the sake of completeness it may be mentioned that the Colén Develop- 
ment Company started drilling in the Colén District in 1914, on the Rio de Oro 
anticline (Fig. 1). Although oil was produced, exploration in this area was sus- 
pended after further drilling in 1925-1927. A total of four wells has been drilled in 
Rio de Oro. 

Drilling was commenced in the Cruces field in 1916 and in Los Manueles in 
1926, but only after completion of the pipe line in 1930 was sustained production 
possible. 

The fields were discovered as the result of geological investigations of the 
Tarra anticline where seepages are common. Considerable surface work has since 
been carried out from time to time when outstepping was being considered. 

The Tarra fields are situated entirely in concessions held by the Colon Devel- 
opment Company. Las Cruces is about 25 km. (15.5 miles) north of the Petrdélea 
field (Barco Concession, Republic of Colombia). An excellent paper on the geol- 
ogy of this neighboring area” has been published some years ago to which the 
reader interested in a regional study is referred. 


21H. B. Notestein, C. W. Hubman, and J. H. Bowler, “Geology of the Barco Concession, Republic 
of Colombia, South America,” Bull. Geol. Soc. America, Vol. 55 (1944). 


we 


FORMATIONS LITHOLOGY FLUID CONTENT OF LAYERS AND ECONOMIC VALUE 
= 
} 
w UPPER - Base of Upper Shales afd entire section of 
Ww SANDY Upper Sandy Shales penelraled by T. 24. 
SHALES Tesied in T 24 and T 28 (uncommercial; $.6.0.816- 0.844). 
a 
| 
— z = Cubo Sands proper. Mostly wet with small shows of oi! and gas. 
CUBO SANDS 
zx 
ad "Produclive Cubo Sands? Producing horizon in Cubo(T. ,T 
= 
SUBASPHALTIC COAL] 
SECOND coaL 
+ 1000" HORIZON = 
UPPER 4 
wy | sanostone f° 4 Asphalt shows in a number of wells Hot fresh water throughout field. 
Z | 
Oo SHALE 
Small production in T 37.Good production on Tarra Anticline. 5.G.0.897-0.930. 
z Source bed of water wells T.10, T 22 and T. 31. Hot fresh water throughout field. 
LoweR 
1 © | SANDSTONE 
Q 
<q aos A second important shale bed frequently separates the 
a a Lower Sandstone into two parts. 
= 
= = Tee 
br M i 
= 
= 
a = COAL 
T9 level 
i A Pronounced lenticularity ot sands. 
== Main producing formation of overthrust flank 
| = Good {o small producton. 5 6,0 857-0908. 
f-2800 ay areal extension of Tabla Sand production 
CARBONACEOUS 13 smaller than from higher sands (T 7). 
HORIZON 
O TS level 
| Originally included +n 
| O Tabla Sands. 
| sanos 7 T7 water level 
a Base of Tabla 
| = = 
3000 | Ja | LOWER SHALES = j 
LJ a 
= am 
| 
— 
= Boundary based on foraminifera. 
| oOo = : Marine fauna, glauconite 
| ; 


on 
Be. 
= 


3500" 


COLON FOR 


MITO JUAN 
SHALE 


Thrusiblock siratigraphy not included in table. 
Thrustblock production shown below with underthrust production. 


SANDY 
SALES 
< sf 
L CUBO SANDS © 
> 
Lasoo | O 
HORIZON 
UPPER 
SANDSTONE 
© /INTERMEDIATE 
SHALE 
Ww 
a 
| 1a 
a 
a 
+5500" 
= 
O | VARIEGATED 
SHALES 
— 
4 <q 
| 
a 
_] | CARBONACEOUS = 
HORIZON 
= 
JO 
+ 6500 
Q | TABLA sands Fxg 
a = 
= 
ae 
LOWER 
SHALES 


Lower part of Upper Shales and upper par’ 


t of 


Upper Sandy Shales penetrated by T71 and T TIA (traces of oi! and water), 


T.35 sand. 


T.76 sand. 


T.19 sand. 


Moderate production along underthrust East flank. 
0.866 - 0.900. 


Porosity of sands 64-230% (average 17.1 %) 
Permeability up to 785 md. (average {15 md). 


Good production in thrustblock and underthrust flank. 


5.6 0.869. 


(average 170%). 
rmeability 
up to 2330 md. 


Good production Main producing horizon of thrustblock and faverage 577 md). 


underthrust flank.S.6.0.664-0.672. 


Small production on test in T.78. 


Moderate production in T.103. 


Sf 


Good production from Thrustblock 
in TAZ. 


Lower boundary of Tabla Sands 
locally 40-100 feet lower. 


Pronounced lenticularity of sands 
Moderate to good production in 
great number of underthrust 
wells. SG. 0.861 - 0905. 

It appears that the areal extension 
of production from the Tabla Sands 
is smaller than from higher sands. 
(T. 78 ,T.100,T103). 


Porosity of sands 71- 200% 
(average 14.3%). 
Permeability up to 935 md. 
(average 149 md.). 


Porosity of sands 137-2114 


— 
| 
g 
= 
WD 
Y; 
| 
| 
| 
= 


7000 


= 
MITO JUAN 
Z| sme 
12) 
= 
<q 
= 
= 
O 
COLON 
SHALE 
3 & | umestone 
UPPER COGOLLO 
Z | (Guavacan) 
: 
5 
= 
MIDDLE 
coco 
LOWER 
O 
B= | acuaroenre 
Member 5 


\ 


v 


Vi 


i 


Glauconitic manne Fauna, abundant foraminifera. 


Strong gas shows in T.79, 7.86 and T.106. 
Tested salt water with little oil (5.6.0.835) and gas in T.79 ond T93 


Boundary based on foraminifera only. 


Tested salt water with <1Z.0il in 1.99. Flowed of 0790-0815 with Md 
salt water and 13.000 MY. of gas on lest in T 106 fogether with Tomon Sandstone. 


in T. 


Tested salt water with 1% or! of 0.825 gravity in T 99. Not productive in 106. 


Tesled salt water with traces of oil and gas T98.For lest 106 see 
under La Luna Limestone; Tomon may be source of salt water in this test. 
Porosity 0- 1327 (average 47) Permeability up to 2.5 md. (average 0.5 md.) 
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STRATIGRAPHY 
(Fig. 23) 
The stratigraphical sequence present in the Tarra fields is subdivided from top 
to bottom as follows. 


Guayabo formation Miocene-Pliocene 
Upper Shales formation” Oligocene 
Sandy Shales formation”? Eocene-Oligocene 
Mirador formation 
Third Coal formation” 
Mito Juan formation | Maestrichtian- 
Colén formation Coniacian 

Turonian- 
La Luna formation 
Cogollo formation Aptian-Albian 
Tomén formation Aptian and older 
Unconformity 
Basement Pre-Cretaceous 


With the exception of the transgression at the base of the Cretaceous no un- 
conformity has so far been definitely observed in the sequence of the Colén 
district, and it is thought that sedimentation was continuous from the Lower 
Cretaceous to the Miocene.” 


PRE-CRETACEOUS 


The basement has not yet been reached by any well in the Tarra fields. By 
analogy with the Barco Concession it is expected to consist of metamorphic rocks, 
perhaps with some intrusions. 


CRETACEOUS 


Tomén formation.—Only the top of this formation, which is the equivalent of 
the Uribante formation of the Barco Concession, has been reached in two wells. 
The uppermost beds consist of hard, fine- to medium-grained, micaceous sand- 
stones with some quartz pebbles and shale streaks. There is a gradual transition to 
the Cogollo formation. Nothing is known of the thickness of the formation in the 
Tarra fields or of the development or presence of its lower members, which are 
productive in the Barco Concession. The formation is approximately 1,400 feet 
thick in the latter area. 


22 These formation names belong to a subdivision established in the early exploration of the Tarra 
region which included a First, Second, and Third Coal Horizon and several other names now used 
mainly for subsurface correlation. Though not very suitable these terms are so ingrained in the field 
vocabulary that it would be difficult to replace them. Leén and Carbonera formations are the equiva- 
lents of Upper shales and Sandy shales in the Barco Concession (see F. B. Notestein et al., op. cit.), 
and F. A. Sutton (“Geology of Maracaibo Basin, Venezuela,” Bull. Amer. Assoc. Petrol. Geol., Vol. 
30, No. 10, 1946) introduced the name Angostura formation for the Third Coal Horizon. These 
names might be used to advantage in the Colén district. 


23 See F. B. Notestein et a!., op. cit., and H. P. Schaub, “Outline of Sedimentation in Maracaibo 
Basin, Venezuela,” Bull. Amer. Assoc. Petrol. Geol., Vol. 32, No. 2 (February, 1948), pp. 215-27. 
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Cogollo formation.—The Cogollo formation was penetrated in two wells in the 
Cruces field (Fig. 25). It is composed mainly of shales with interbedded limestone 
beds, and resembles even in minor details the section known in the Barco Con- 
cession. The formation is only goo feet thick, compared with 1,150 feet at La Paz 
and 1,370 feet at Tetones, where it is composed mainly of limestone. 

La Luna formation.—The Luna formation consists of hard, black, very cal- 
careous shales and dark gray limestones. It is only 150 feet thick compared with 
330 feet in the La Paz field. 

Colén formation.—The Colén formation consists of approximately 800 feet of 
hard, dark gray shales, which are slightly calcareous and contain a rich assem- 
blage of foraminifera. A glauconitic horizon marks the base of the formation. 

Mito Juan formation—The Mito Juan consists of 1,680 feet of hard, gray, 
slightly sandy and micaceous shales. Fossil shells, ironstone nodules, and glauco- 
nite are common in the uppermost 300 feet, where a few thin layers of limestone 
and sandstone have been observed. The Coldn shales grade into the Mito Juan 
shales, the contact being marked by a change in faunal content from the calcare- 
ous Colén fauna to the poorer, predominantly arenaceous Mito Juan fauna. The 
relation with the Third Coal formation is also transitional but the Third Coal 
contains no marine faunas. 

The Mito Juan is the oldest formation exposed in the core of the Tarra anti- 
cline north of the Colombian boundary. The formation as defined here 
corresponds with the Mito Juan formation of the Barco Concession, but includes 
also the greater part of the so-called Catatumbo formation. 

The boundary between Tertiary and Cretaceous is placed arbitrarily at the 
top of the Mito Juan. Cretaceous fossils have been found in this formation, and 
undoubtedly a good part of the Third Coal formation belongs to the Eocene and 
Paleocene, but it is not certain that the lithologic change between the two forma- 
tions coincides exactly with the Cretaceous-Tertiary boundary. 


TERTIARY 


Third Coal formation.—The Third Coal formation consists of gray sandy 
shales, lenticular sandstone, carbonaceous shales with coal seams, and mottled 
shales. For subsurface correlations it is subdivided into four members, the most 
important being the so-called Tabla sands, an outstanding group of lenticular 
sandstones in the lower third of the formation. 

The total thickness of the formation is about 1,500 feet. It can be correlated 
closely with the Barco and Los Cuervos formations described in the Barco Con- 
cession. Characteristics of the formation are irregular sedimentation and brackish 
facies. Its contact with the Mirador formation is transitional. 

Mirador formation.—The Mirador formation is an excellent major key horizon 
for surface and subsurface mapping. Mainly composed of white, sugary sandstone, 
it forms outstanding strike ridges. A subdivision into an upper and lower Mirador 
sandstone is based on the presence of a shale body which is 70-90 feet thick. In 
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well T—106 the upper sandstone body (Mirador I) is 200 feet thick, the lower 
(Mirador II) 500 feet. The shale break consists of light gray sandy shales with one 
or two thin shaly coal seams. A quartz conglomerate, with pebbles reaching a 
diameter of 2 centimeters, commonly marks the top of the formation. 

Although sand development in the Mirador is in places lenticular and subject 
to abrupt changes over short distances the facies of the formation as a whole is 
remarkably constant over a large area reaching from the northern boundary of the 
Colén District north of Rio de Oro to the Rubio Basin in the State of Tachira. 
The origin of the sand is unknown, but must perhaps be sought somewhere on the 
west, as the thickness of the formation decreases from west to east. In the Cruces 
field a reduction from 770 feet in well T—106 to 700 feet in the overthrust at Las 
Cruces, 660 feet in the underthrust (Fig. 25) and perhaps 600 feet in T-113 
(Fig. 24 for location) can be observed. 

Sandy Shales formation.—The Sandy Shales, which are the equivalent of the 
Carbonera formation in the Barco Concession, are composed mainly of sandy 
shales and sandstones. They are approximately 1,500 feet thick and subdivided 
into several members. 

The Sandy Shales overlie the Mirador formation with a transition. About 140 
feet above the top of the latter an outstanding cannel coal (the so-called “‘Subas- 
phaltic Coal”) occurs which is 3-10 feet thick, dull black and very light, with a 
peculiar conchoidal fracture. In many places it contains small pieces of fossil resin. 
It occurs on the Tarra anticline over a length of 35 km. (22 miles) from the Co- 
lombian boundary to the Manueles field and is a very good key bed both in wells 
and at the surface. It is overlain by the so-called Cubo sands, which are about 500 
feet thick and consist of many, commonly crossbedded sandstone beds with inter- 
calated sandy shales. Several shaly coal seams occur in the uppermost member of 
Sandy Shales. The contact with the Upper Shales is transitional. 

Upper Shales formation.—The Upper Shales formation is about 1,350 feet 
thick in Los Manueles. It consists almost exclusively of gray shales, which 
weather easily with a typical red color. Poor arenaceous foraminiferal faunas and 
fish remains occur in the formation. The Upper Shales are the equivalent of the 
Leén shales in the Barco Concession. 

Guayabo formation.—The beginning of Guayabo time is characterized by a 
sudden influx of much sandy material. The contact with the Upper Shales is 
sharp, although no unconformity seems to be present. The Guayabo consists 
mainly of soft, loose, yellowish weathering sands and bluish sandy clays. Depo- 
sition was very irregular, cross-bedding is common and small intraformational 
unconformities and conglomerates can be observed in excavations. The formation 
is subdivided for the purpose of surface mapping into upper and lower Guayabo. 
Some thin, shaly coal seams characterize the upper Guayabo. 

The thickness of the Guayabo formation is unknown. In Los Manueles, 1,500 
feet were perforated , but the total thickness must amount to 10,000 feet and more 
in the deep synclinal area between the Tarra anticline and the Mérida Andes. 
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STRUCTURE 
(Figs. 24-26) 
GENERAL 


The Tarra anticline is an outstanding fold striking northward into the south- 
western lobe of the Maracaibo Basin approximately midway between the Perija 
Range and the Mérida Andes. It is about 75 km. (46 miles) long at the surface but 
may continue under the alluvial plains north of Los Manueles. It develops from a 
group of anticlines which descend northward from the large Santiago dome, a 
high uplift situated northwest of Cucuta.™ 

The highest part of the Tarra anticlinorium is the so-called Petrélea South 
dome, about 18 km. (11 miles) south of the Colombian boundary. The anticline 
plunges in a northerly direction from this culmination, but local reversals of the 
plunge occur in at least three areas, namely in the Petrélea North dome (Petrélea 
field), in the Cruces dome (Las Cruces field) and in the Manueles dome (Los 
Manueles field). 

A short description of the structural development of the Tarra anticline in 
Venezuela is necessary for an understanding of the complicated tectonics of the 
producing fields. Near the Colombian boundary the anticline is asymmetric, with 
a steep to overturned west flank and a gentle east flank. The latter is complicated 
by a thrust fault approximately 3 km. east of the axis, which shows a westerly 
thrust movement and determines the secondary Redondo structure, a continu- 
ation of the Carbonera thrust fold in Colombia. 

About halfway between the Petrélea and Cruces fields the Tarra anticline is 
very narrow and steep, both flanks being nearly vertical. The Redondo thrust 
fold is here represented by a range of low hills east of the Tarra ridge, the so-called 
Guayabo hills. 2 

Farther north (about 4 km. (23 miles) south of Camp C, which is indicated in 
Figure 24), a thrust movement develops out of the core of the steep, highly com- 
pressed anticline. The west flank of the structure is pushed over the east flank 
and, furthermore, both flanks become much less inclined, giving the impression 
that the thrust relieves a strong pressure. 

This so-called Tarra thrust has been mapped over a length of 23 km. (14 
miles) to the Manueles field and may continue even farther north. 


LAS CRUCES FIELD 
(Fig. 25) 
The Tarra thrust has strongly influenced accumulation in the Cruces field. 
Accordingly all tectonic units are named with reference to the Tarra thrust, 
namely, 


Overthrust =the overthrust west flank 
Underthrust =the east flank 
Thrust block =a narrow drag wedge along the thrust plane. 


24 See map contained in paper by F. B. Notestein et al. (op. cit.). 
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The Las Cruces field was originally located on a flat, domal uplift in the Over- 
thrust, which plunges north and south and has a closure of approximately 125 
feet. It is 3.5 km. (2 miles) long and has a maximum width of 1.5 km. (1 mile). 
The deepest formation present in the Overthrust is the Mito Juan. Of importance 
for structural interpretation is a steep zone on the west flank, which indicates a 
steepening of the thrust fault. The Cruces dome is separated on the east by a 
shallow syncline (Las Cruces syncline) from a group of narrow anticlines along 
the thrust front. These so-called Agua Caliente anticlines have steep to over- 
turned east flanks, and gentle west flanks. They extend from Camp C about 12 
km. (7.5 miles) northward, that is, much farther north than the Cruces dome. 

The thrust block (or blocks) is a thin wedge of steeply inclined, broken beds, 
which was dragged along the thrust plane. It is about 200 feet thick and has been 
observed over a distance of 8 km. (5 miles) along the thrust. It extends farther 
north than the Cruces dome. 

The underthrust is the gently dipping east flank of the Tarra anticline. The 
presence of a deep-seated anticlinal core below the thrust is assumed but remains 
to be proved. A secondary, smaller thrust fault about 2,500 feet below the Tarra 
thrust is also assumed. A culmination probably exists in the underthrust beneath 
the Cruces dome. 

The thrust plane dips about 15° west between the thrust front and the Cruces 
dome, but presumably steepens beneath the steep west flank of the dome. The 
total throw amounts to 1,500 meters (nearly one mile). 


MANUELES FIELD 
(Fig. 26) 

The Manueles field is located on an axial culmination of the Tarra anticline 
about 15 km. north of the Cruces dome. Structural conditions are similar but less 
complicated. A very gentle west flank (10°) is thrust over an equally gentle east 
flank. The Tarra thrust has a hade of approximately 45° and the throw is about 
700 meters (0.45 mile). 

The closure of the overthrust dome amounts to 300 feet, its length to 3 km. 
(nearly 2 miles), and its width to 1 km. (0.6 mile). 


OIL AND GAS RESERVOIR 
(Fig. 23) 
The following members of the stratigraphical sequence can be classed as 
actual or potential reservoirs of the Tarra field. 


TOMON, COGOLLO, AND LA LUNA FORMATIONS 


The Tomén, Cogollo, and La Luna formations are potential reservoirs in the 
Tarra fields. The La Luna, the Cogollo, and the uppermost part of the Tomén 
have been tested in two wells. Non-commercial quantities of light oil (S.G. 
0.815, 45° A.P.I.) were obtained in one of them, while the other showed water. As 
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Fic. 24.—Geological map of Tarra fields. Al: Alluvium. Scale indicated by 10-kilometer grid. 
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these formations occur at great depth and as La Luna and Cogollo are probably 
not good reservoirs in view of their unfavorable facies, only the prospect of good 
production from the lower Tom6n warrants the necessary deep tests. 


THIRD COAL FORMATION ‘ 
The Third Coal formation is productive in the Cruces field. The main oil zone 
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Fic. 26.—Cross section through Los Manueles field, according to G. Dickinson. 
Vertical and horizontal scale equal (see left margin). 
is the Tabla sands, but moderate amounts of oil can be obtained also from higher 
sands. 

Porosity of the Tabla sands is commonly between 8 and 10 per cent but may 
be as high as 20 per cent in the thrust block. Permeability is mostly very low, 
with the exception of the thrust block, where high values were observed. 

The oil obtained from this formation ranges in gravity from 34.8° to 24.3° 
A.P.I. (S.G. 0.857—0o.908). Average sand thickness is 60 feet over a proved pro- 
ductive area of 1,500 acres in the underthrust; 400 acres in the overthrust. 
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However, the limits of the productive area are not yet properly established. Good 
amounts of oil are produced from the Tabla sands in the thrust block but this is a 
very narrow zone in view of the steep dip. 

Pronounced lenticularity of these sands seems to affect production throughout 
the Cruces field. 


MIRADOR FORMATION 


The Mirador formation is the main producing formation in the Manueles 
field. It is also exploited in Las Cruces in the underthrust, in the thrust block and 
on the Agua Caliente anticlines where shallow production was recently discovered. 

The average porosity of the Mirador sandstones is 18 per cent, the average 
permeability 600 millidarcys. 

The formation is divided into two reservoirs by the shale break. The produc- 
tive area is approximately 300 acres in Los Manueles, and 75 acres in the Cruces 
field, excluding the Agua Caliente anticlines. 

The Mirador oil ranges in gravity from 32.5° to 27.5° A.P.I. (S.G. 0.863- 
0.890) in Los Manueles, from 32.3° to 30.8° A.P.I. (S.G. 0.864-0.872) in the 
Cruces underthrust and from 32.5° to 18.1° A.P.I. (S.G. 0.863-0.946) in the 
overthrust and the Agua Caliente anticlines. 

The Mirador sandstone contains fresh hot water (salinity 10-60 milligrams of 
chlorine per liter) in the Tarra region, wherever it is not oil-bearing. Many hot 
springs with an average temperature of 60° are known (hence, the name Agua 
Caliente). Mirador water is produced from two wells in the Cruces field and serves 
for operations and domestic use (Table XXX). 


SANDY SHALES FORMATION 


The Sandy Shales formation is productive in Los Manueles and Las Cruces. 
Oil in Los Manueles is produced from sands in the lower half of the formation and 
has a gravity of 38.2° A.P.I. (S.G. 0.834). The sands have a porosity of 20 per 
cent, a permeability up to 250 millidarcys. 

In Las Cruces a good volume of oil with an average gravity of 25.7 A.P.I. (S.G. 
0.90) was found in the overthrust during the early days of exploration, about 5 
km. (3 miles) north of the Cruces dome. The accumulation conditions in this 
area, which was originally called El Cubo field, are not yet well understood, but 
appear to be locally restricted. Some Sandy Shales oil is also produced from the 
Cruces underthrust and thrust block. It has a gravity of about 31.1° A.P.I. 
(S.G. 0.87). The Cubo sands have an average porosity of 16 per cent, a permeabil- 
ity of 5 to 40 millidarcys. 


RESERVOIR CONDITIONS 


Production characteristics show clearly that the Mirador formation of the 
Manteles field produces by a strong water drive. In the Mirador I a small gas cap 


has been observed. 
In the Las Cruces field conditions are rather complex. The Mirador formation 
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of the Cruces dome, Agua Caliente, and part of the thrust block produces by 
water drive; the Third Coal formation produces probably by dissolved gas drive 
in the underthrust and possibly also in the overthrust. 


DRILLING AND COMPLETION PRACTICE 
At present two types of wells are being drilled in the Cruces field, namely, 
shallow wells on the Agua Caliente structures, for Mirador production, and wells 


TABLE XXX 
ANALYSIS OF MIRADOR WATER FROM LAs CruCES FIELD 


Field: Las Cruces Producing formation: Lower Mirador 
Well No.: T-22 Depth: 886-1, 388 feet, open 1,040—1, 060 feet 
Depth: 2,482 feet Method of sampling: Boiler 


Color: Clear, color less ) 

Taste: None After filtration 
Odor: Very slightly of petroleum acid soaps 

H.S is not present 

Free COs is present and is 7 mgm. per liter 

Total hardness is equivalent to 43 mgms. CaCO; per liter 
Temporary hardness is equivalent to 43 mgms. CaCO; per liter 
Permanent hardness is equivalent to nil mgms. CaCO; per liter 


The water contains the following in mgms. per liter 


Sodium (incl. potassium) Na’ 64 
Calcium gs 12 
Magnesium Mg” 3 
Chloride 26 
Sulphate SO,” 20 
Carbonate ° 
Hydrocarbonate HCO,’ 178 
Silica SiO, 20 
Iron and aluminum oxides 0.8 


The following gives a hypothetical combination of the radicals in mgms. per liter 


Calcium bicarbonate Ca(HCO;)2 49 
Magnesium bicarbonate Me(HCOs)> 18 
Sodium bicarbonate Na(HCO;) ~ “39% 
Sodium chloride NaCl 43 
Silica SiO, 20 
Iron and aluminum oxides Fe.03; 0.8 


This water is suitable as a domestic supply after sedimentation and filtration 
Remarks: Well produces approximately 2,000 cubic meters per day of hot water by gas lift. The 


water is used for domestic supply in the Cruces field 
Laboratory San Lorenzo 


of medium depth drilled into the thrust block or the underthrust Third Coal 
formation. No exploitation drilling is being carried out in Los Manueles, but a 
semi-exploration well has been completed in 1945. 

The shallow holes in Agua Caliente, ranging from 600 to 1,000 feet in depth, 
are drilled with a Franks portable outfit at an average of three per month. The 
wells are completed with 80 feet of 83-inch surface casing and with 5{-inch casing 
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cemented through the producing zone. Twin wells are now drilled to Mirador I 
and II separately, and in general the casing is gun-perforated opposite intervals of 
these sandstones selected on the Schlumberger log. Cores are taken for determi- 
nation of fluid content, porosity, and permeability. 

The deeper Third Coal formation wells reach an average depth of 5,000 feet 
and are drilled with steam rigs in about 2 months. They are completed with an 
83-inch surface string cemented at the base of the water-bearing overthrust 
Mirador at 1,500—2,000 feet, and a 43-inch combination string cemented above 
the Tabla sands, with 3-inch perforations opposite sand intervals selected from 
the Schlumberger log. 

In general correlation is based on electrical logs, which give satisfactory 
results in undisturbed areas, but are difficult to interpret in faulted sections. 
Deviation and self-potential dip-meter surveys are made regularly. 


PRODUCTION 


A total of 166 wells had been drilled in the Cruces field at the end of 1945, 
including some outlying wildcats. Ninety wells were producing (21 flowing, 69 
pumping), 20 had been abandoned, and the remaining wells were not producing 
for various reasons. 

In Los Manueles, a total of 38 wells had been drilled, of which 19 were produc- 
ing, 13 flowing, 6 pumping, and 3 had been abandoned. The remaining wells were 
not producing for various reasons (repairs, high gas-oil ratio). 

The initial production results in Los Manueles Mirador wells were high and 
wells with initial production of 4,000 barrels per day were completed even in the 
latest stages of development. Influx of water, however, was rapid and many wells 
had only a short life before it was necessary to recomplete them in other sands be- 
cause of excessive water production. 

Initial production from the Third Coal formation in Las Cruces ranged from 
600-800 barrels on }-inch bean from the thrust block to about 500 barrels on 
3-inch bean from the underthrust; the Mirador wells of Agua Caliente give an 
average of about 600 barrels on }-inch bean. Initial decline is everywhere fairly 
rapid. Daily potential production at the end of 1945 was 12,300 barrels for Las 
Cruces, 4,800 barrels for Los Manueles. Both fields were produced to capacity. 
Production statistics are given in Table XXXI and analytical data on the Tarra 
oils have been assembled in Table XXXII. 

Average gas-oil ratio is approximately 750 cubic feet per barrel in Los Man- 
ueles and 350 cubic feet per barrel in Las Cruces. The gas production during De- 
cember, 1945, amounted to 4,330,000 cubic feet in Los Manueles. About a third of 
the gas was used for operations. 

Extensive dehydration facilities are required in both fields. In the early days 
dehydration was accomplished by chemical means. Electrical dehydration was 
introduced in recent years and sufficient Petreco units have been installed to 
dehydrate the entire wet production. 
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TABLE XXXI 
PRODUCTION STATISTICS OF TARRA FIELD 


Year 


1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1036 
1937 
1935 
1939 
1940 
1942 
1943 
1944 
1945 


Grand total 


ANNUAL PRODUCTION 
Las Cruces 
(Barrels) 

7,000 
8,000 
10,000 
20,000 
40,000 
70,000 
100,000 
303,687 
4,632,078 
45339,004 
3,218,075 
3,193,730 
3,643,762 
3,948,038 
3,707,924 
3,129,488 
3,858,003 
31934,083 
3,584,359 
2,998,919 
2,456,096! 
3,705,040 
3,988,651 
3,873,367 


58,830,384 


Partly closed in because of shipping situation 


PRODUCTION DURING DECEMBER, 1945 
Las Cruces 


Los Manueles 
(Barrels) 


498 
296,824 
3,116,999 
2,914,054 
3,726,889 
1,682,464 
1,183,646 
905,447 
1,097,013 
1,329,379 
1,708, 383 
2,612,510 
3,650, 204 
3,075,255" 
3,500,390 
3,088, 309 
1,933,283 


35,821,637 


Los Manueles 


Daily Daily Number of Daily Daily Number of 
Average Potential Producing Average Potential Producing 
(Barrels) (Barrels) Wells (Barrels) (Barrels) Wells 
Flowing 6,240 6,240 21 3,680 3,680 12 
Pumping 6,080 6,080 64 1,120 1,120 5 
Total 12,320 12,320 85 4,800 4,800 17 
Total 
production 382,37 148,464 


A bottom-hole-pressure survey was made in the Los Manueles field in 1941 
covering seven wells. Pressure at 3,900 feet subsea was practically the same in all 
these wells, and averaged within narrow limits approximately 1,860 pounds per 
square inch. In view of the strong water-drive characteristics of the field, it is 
probable that this pressure is not much lower than the original reservoir pressure. 

A bottom-hole-pressure survey was carried out in 1942 in 13 wells of the Las 
Cruces field. At that time the pressure at the top of the underthrust Tabla sands 
ranged from 830 to 1,622 pounds per square inch at depths varying between 4,000 
and 4,500 feet. 
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TABLE XXXII 
CHARACTERISTUCS OF TARRA CRUDE OIL 


Los Manueles 


Las Cruces 


GENERAL 
Type Mixed base Mixed base 
Specific gravity range 0.856-0.886 0.841-0.946 
A.P.I. gravity range 33.8°-28.2 36.2-18.1 
CRUDE OIL TAKEN FROM MAIN STORAGE ON APRIL 25, 1945 
Specific gravity 60/60°F. 0.8630 0.8802 
A.P.I. gravity 29.2° 
Color by reflected light Black Black 
Color by transmitted light Dark brown Dark brown 
Viscosity Engler at 30°C. 2.16° 3.09° 
Viscosity Engler at 50°C. 1.64° B67" 
Flash point Below 50°F. Below 50°F. 
Pour point test Below 32°F. Below 32°F. 
Paraftine wax 3.08% 2.12% 
Setting point of paraffine wax 58°C. ee 
Sulphur 0.80% 1.03% 
Initial boiling point 67°C. 
CRUDE OIL RECEIVED IN CURAGAO DURING OCTOBER, 1945 (MIXED LOS MANUELES, LAS CRUCES 
CRUDE) 
Yields by volume 
Gasoline 18.98% 
Gas oil pie 83% 
Fuel Oil 52.19% 
Properties of products 
Gasoline 
Specific gravity at 60°F. 0.731 
Distilling up to 100°C. (A.S.T.M.) 26% 
F.B.P. (A.S.T.M.) 200°C, 
Octane number (C.F.R. motor method) 49 
Gas oil 
Specific gravity at 60°F. 0.830 
Distilling up to 300°C. (A.S.T.M.) 744% 
Sulphur content 0.33% 
Diesel index 64.3 
Fuel oil 
Specific gravity at 60°F. ©.945 
Viscosity Redwood I at 100°F. 3,300 sec. 


The proved areas of the fields are 1,000 hectares (2,500 acres) for Las Cruces, 
and 170 hectares (400 acres) for Los Manueles. Wells were drilled on an average 
300-meter triangular spacing scheme (19 acres) in Los Manueles, but the hilly 
terrane, made it impossible to keep closely to a regular pattern. The spacing 
generally used in the Las Cruces field is 400 meters, but a regular pattern can not 
be followed on account of the many tectonic units, which are exploited separately. 

The oil produced in the Tarra fields is shipped to Curagao for refining. An 
8-inch pipe line with two intermediate pump stations connects the Casigua main 
storage with the pipe line terminal at La Solita on the Escalante River (Fig. 1). 


626 STAFF OF CARIBBEAN PETROLEUM COMPANY 


The tankers are loaded from a platform built on piles several kilometers from 
shore. 

A small topping plant of 600 barrels daily capacity in Casigua and two weath- 
ering plants of 180 barrels daily capacity each, which are located at the pump 
stations along the pipe line, supply the local requirements of gasoline, kerosene, 
gas oil, and fuel oil. 


Part VI. CONCLUSION: ORIGIN AND ACCUMULATION OF OIL IN 
MARACAIBO BASIN 


At the end of 1945 the eleven fields described in the preceding pages had pro- 
duced a total of 1,181 million barrels and had still a daily potential of 250,750 
barrels. In order to appreciate fully the importance of the Maracaibo Basin as an 
oil province, we have to add the production obtained by the Mene Grande Oil 
Company and the Creole Petroleum Corporation in their lake concessions, and 
the figures of some small, partly abandoned fields. The fields of the Colombian 
Petroleum Corporation situated in the Colombian part of the Maracaibo Basin 
must be mentioned also. We then arrive at the following approximate figures for 
the oil production of the Maracaibo Basin at the end of 1945. 


Total production, 2,634.5 million barrels 
Average daily production, 684,950 barrels, during week ending December 3 31, 1045 


In concluding the present paper, a few considerations are given regarding the 
origin of the oil in the Maracaibo Basin. In some instances it seems possible to 
establish with little doubt whether the oil found in a particular formation is 
indigenous to it or has migrated into it, but more often only some suggestions can 
be made. 

Oil accumulations in the Cretaceous are mostly connected with zodgenic 
limestones, part of which are bituminous. The La Luma formation, which con- 
sists mainly of bituminous. slaty limestones, has been described as an oil mother 
rock by H. D. Hedberg.* Hedberg thought that the Cogollo formation, which is 
composed mainly of light gray, massive fossiliferous limestone, has not the char- 
acteristics of a petroleum source rock and that most of the oil found in it has 
probably migrated there from another source. These conclusions should be recon- 
sidered in the light of the prolific production from the Cogoleo in La Paz. Although 
there is no proof that all the oil stored in this formation is indigenous, and part of 
it may come from the La Luna along fault zones, it seems improbable that no oil 
should have been formed in situ since the Cogollo contains so many fossils in 
this area that much of it can be called a zodgenic formation. 

There is no doubt that the oil found in the Cretaceous limestones (Cogollo, 
La Luna, and Basal Colén formation) at La Paz is indigenous to them as a whole. 


2 H. D. Hedberg, “Cretaceous Limestone as Petroleum Source Rock in Northwestern Venezu- 
ela,” Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 3 (1931). 
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As these limestones rest on igenous and metamorphic rocks, the oil could not have 
come from deeper formations. There is no reason to assume a migration from 
younger beds, for instance, due to overthrusting, because the oil in the limestone 
reservoir is different from that found in higher formations. The same argument is 
valid for Tetones and for some of the Cretaceous production in the Barco Con- 
cession. In both areas the producing formations are underlain by metamorphic 
rocks. 

The thick shale complex in the Upper Cretaceous (Colén-Mito Juan shales, 
La Paz shales) is also suspected as a source series on account of its rich content of 
foraminifera. Thin sandstone beds intercalated in the shales are oil-impregnated 
wherever they occur, but if much oil has formed in this part of the sequence, it 
has migrated to better reservoirs. Thus, some of the oil recovered from Eocene 
sands (for instance, Third Coal formation of the Colén District) may come from 
the Upper Cretaceous shales. 

On the other hand, most Eocene formations seem to contain enough organic 
matter to be the source of considerable quantities of oil. This applies first of all to 
the thick sequences of marine shales present in the eastern half of the Maracaibo 
Basin. The oil collected either in sandstones intercalated in the shales (Middle 
Pauji sandstone at Mene Grande) or may have migrated into the Miocene. The 
example of Mene Grande, described in detail on page 567, seems to be good proof 
that oil was formed in the Eocene after the Miocene transgression and migrated 
updip against the unconformity. A similar origin is probable for much of the 
Eocene oil trapped beneath the Miocene unconformity in other parts of the 
Bolivar District and the lake area. 

Even predominantly sandy formations of Eocene age ordinarily contain much 
shale and shaly sandstone with enough organic matter to warrant the assumption 
that some oil may have formed in them. An exception is the Mirador sandstone of 
the Colén District, which is composed of white, sugary, poorly cemented sand- 
stones and seems to be practically barren of organic remains with the exception of 
some shaly coal seams intercalated in the so-called shale break. In slightly faulted 
uplifts the formation has so far been found without exception to be water-bearing, 
but fair oil accumulations occur in it on the Tarra anticline. This oil has probably 
migrated into the Mirador formation along the thrust zones. 

By far the largest oil accumulations of western Venezuela which have so far 
been exploited have been found in the Miocene. It is very interesting to note that 
this oil always occurs close above the unconformity between Miocene and Eocene. 
In areas where the Miocene is not transgressive, no oil has so far been found in it 
(for example, the Colén District). Yet in certain areas of near-by Tachira, where 
similar beds are locally transgressive on Cretaceous, the basal conglomerates are 
saturated with heavy oil. Most of the Miocene formations do not give the impres- 
sion of oil source beds, as they consist mainly of mottled clays and sands. Excep- 
tions are the marine intercalations in the La Rosa and Lagunillas formations of 
the Bolivar District. On the whole, it seems that much of the oil found in the 


i i 

| 


628 STAFF OF CARIBBEAN PETROLEUM COMPANY 


Miocene is not indigenous but comes from the Eocene, which over large areas does 
not contain good reservoirs as it is mostly composed of shales, sandy shales, and 
quartzitic sandstones. In these areas oil forming in the Eocene would naturally 
migrate into the good reservoir of Miocene sands just above. On the other hand, 
where good reservoir sands are found in the Eocene below the unconformity, 
much oil also accumulates there. 

Oil accumulation in the Maracaibo Basin is rarely governed by tectonic con- 
ditions alone, but rather by a combination of stratigraphic and structural trap- 
ping. As examples of the structural type of accumulation can be cited the Tarra 
fields, La Paz and La Concepcion, but even there such stratigraphical conditions 
as lenticularity of sands influence the accumulation. In the Mene Grande field the 
two causes are about evenly balanced, while in the Bolivar Coast fields strati- 
graphic conditions seem to be more important than tectonic conditions. 

Only in the case of the middle Pauji accumulation in Mene Grande can an 
approximate age be indicated. Lower age limits are, of course, given by the age of 
the beds containing the oil, but, as the tectonic features controlling accumulations 
belong mainly to the Andean orogeny, it is probable that most accumulation took 
place during and after this event. Earlier accumulation was, however, possible in 
the Eocene of Mene Grande, Pueblo Viejo, and the Cretaceous of La Paz, since 
the presence of uplifts before the Andean folding must be assumed in these areas. 

In the case of the Bolivar Coast fields and of Mene Grande, migration of oil 
from the Eocene into the Miocene may have started during the deposition of the 
Miocene sands, when a protection of the reservoir by overlying beds was still 
lacking. This would explain why the oil of the Bolivar Coast fields in general is 
heavy, especially in Tia Juana, where all light components are practically absent, 
although to-day the reservoir is not open. The light components may have es- 
caped before sufficient overburden was formed. In Mene Grande a fossil seepage 
zone seems to be present at the base of the upper younger Tertiary along the Main 
Fault zone. This indicates that accumulation had already taken place when ero- 
sion set in after the first phase of the Andean folding. 

It is estimated that 93 per cent of the mentioned total production has been 
derived from the Miocene, 6 per cent from the Eocene, and only about 1 per cent 
from the Cretaceous. This proportion has changed considerably in recent years 
and although most of the oil is still produced from the Miocene, it is estimated 
that current production from the Eocene has increased to 15-20 per cent, and 
from the Cretaceous to 6 per cent. This reflects the fact that the big Miocene 
accumulations are at shallow depths and were found early during the search for 
oil, while Eocene and Cretaceous exploration needs deeper drilling and has only 
been undertaken with some exceptions, in the last few years. 
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MISSISSIPPIAN MARSHALL FORMATION OF MICHIGAN! 


V. BROWN MONNETT? 
Stillwater, Oklahoma 


ABSTRACT 


The stratigraphy of the Marshall formation should not be studied as an independent unit. Tke 
underlying Coldwater shale can be divided into an eastern sandy facies and a western dolomitic 
facies. The sandy facies is inseparable from the Marshall formation at most places. Redbeds occur 
in both the Marshall formation and the upper Coldwater sediments in eastern Michigan. They are 
unreliable as stratigraphic markers except in local areas. 

Neither color nor grain size provides a suitable basis for a division of the Marshall into two mem- 
bers throughout the Michigan basin. The coarse-grained Napoleon sandstone (upper Marshall) is 
a mappable unit in parts of eastern Michigan but loses its identity westward. 

The top of the Marshall grades into the overlying Michigan formation. The Michigan “Stray” 
sandstones are the result of an interfingering of the Marshall and Michigan deposits and should not 
be considered to be entirely of Michigan age. In addition to the recognized eastern source of sediments 
for the Marshall formation, a western source is apparent. 


INTRODUCTION 


Objectives.—This report presents the results of a lithologic study of the Mar- 
shall formation of Michigan. Primary problems associated with the study were 
(1) the stratigraphic relationship of the Marshall formation to the underlying 
Coldwater shale, (2) the distribution of Mississippian redbeds and their value as 
stratigraphic markers, (3) the value of a division of the Marshall formation into 
two distinct membets, and (4) the stratigraphic relationship of the Marshall 
formation to the overlying Michigan formation with particular regard to the 
Michigan “Stray” sandstone. 

Stratigraphic position and areal distribution—The stratigraphic relationship 
of the Marshall formation of lower Mississippian age to other formations in 
Michigan is shown in Figure 1. Marshall beds everywhere rest on the Coldwater 
formation and at most places are overlain by the clastic and chemically precipi- 
tated deposits of the Michigan formation. On the flanks of the Howell anticline in 
Livingston County and on at least two of the anticlines in the southeastern part 
of Bay County Marshall strata are overlain unconformably by Pennsylvanian 
rocks. The Marshall has been completely removed from the tops of these folds 
and Pennsylvanian rocks or glacial drift rest directly on the Coldwater shale. 


1 Manuscript received, November 28, 1947. A dissertation submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy in the University of Michigan, Ann Arbor, May. 
1947. 

2 Oklahoma Agricultural and Mechanical College, department of geology. 

The writer is indebted to Professor K. K. Landes, chairman of the department of geology, Uni- 
versity of Michigan, and to G. V. Cohee, United States Geological Survey, for outlining the problem 
and for the many hours they spent in directing the study to its completion. Many constructive sug- 
gestions and corrections also were made by Professor G. M. Ehlers and Professor A. J. Eardley, 
geology department, University of Michigan. Appreciation is expressed to Professor W. F. Hunt, 
— of the department of mineralogy, University of Michigan, for his aid in the petrographic 
work. 

The field work was accomplished with finances and transportation furnished by the Michigan 
Department of Conservation, Geological Survey Division. Miss Helen M. Martin and other members 
of the Michigan Geological Survey staff have been most cooperative. 
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The Marshall formation is confined to the gentle structural basin in the 
Southern Peninsula of Michigan. It directly underlies the glacial drift of the 
state in a circular outcrop zone characteristic of formations in the Michigan 
basin (Fig. 2). The width of the drift-covered outcrop area ranges from 3 to 20 
miles. Exposures are limited to Jackson, Hillsdale, and Calhoun counties in 
southern Michigan, Ottawa County in southwestern Michigan, and Huron, 
Tuscola, and Sanilac counties in the “Thumb” area of eastern Michigan. The 
structural basin causes the Marshall formation to occur at increasing depths 
from the outcrop area toward Clare and Midland counties in the center of the 
state, where it is more than 1,500 feet below the surface. 

The circular pattern of the drift-covered Marshall outcrop is interrupted 
appreciably in only two areas in the state. Erosion of the Marshal formation from 
the crest of the Howell anticline in Livingston and Shiawassee counties has ex- 
tended the outcrop northward in a narrow and poorly defined band along the west 
and north flank of the structure. Marshall and Coldwater beds directly underlie 
the glacial drift on the anticlines in Ogemaw and Arenac counties. Well data 
which have become available since the publication of the geologic map of Michi- 
gan (Martin, 1936) indicate that the northern drift-covered outcrops of the 
Marshall and Coldwater formations swing southward and are continuous with 
the outcrops of the anticlines in Ogemaw and Arenac counties (Fig. 2). 

In the eastern part of the state the contact of the Marshall with the Coldwater 
formation is indefinite, and in many places indeterminate, due to the presence of 
fine-grained sandstones and redbeds in the Coldwater. This problem is discussed 
under the description of the Coldwater formation, but is mentioned here to ex- 
plain the absence of the Marshall-Coldwater contact line in eastern Michigan in 
Figure 2. 

The outcrop pattern of the Marshall formation in Figure 2 is taken from the 
geologic map of Michigan (Martin, 1936) with changes in areas where additional 
information has become available since the publication of the map. 

Nature of study.—Most of the information obtained in the study is from 
subsurface data, Drill cuttings from more than 1,000 wells in the state were 
examined microscopically. In addition to the examination of well samples, fre- 
quent use was made of thousands of driller’s logs of wells in Michigan from which 
samples are not available. These logs were used extensively in the compilation of 
the structure-contour map (Fig. 19) on the base of the Coldwater shale because 
this is a stratigraphic marker which is easily recognized by drillers. 

Cross sections.—As the upper and lower contacts of the Marshall formation 
are indefinite in many parts of the state, the best method of illustrating the 
occurrence of the formation is by cross sections. Six sections aid in presenting and 
discussing the character of the Coldwater-Marshall interval. In order to illustrate 
lateral lithologic changes more clearly, these sections were drawn with the well 
columns aligned on a stratigraphic datum rather than on sea-level. A second 
section showing the same wells based on sea-level datum is included. Lithologic 
character and details of correlation are omitted on the structure section. 
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Fic. 2.—Bedrock map of Marshall formation. 
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All lithologic description shown on the cross sections is determined from well- 
sample examinations made by the writer with only two exceptions. The lithologic 
description of well 18 in cross section BB’ (Fig. 6) is plotted from a written 
description of the well samples published by the Geological Survey of Michi- 
gan. Well 6 in cross section CC’ (Fig. 7) is plotted from a copy of the driller’s log. 
Lithologic generalizations illustrated in the cross section are avoided where 
possible, but because of the small vertical scale, it is necessary to generalize the 
lithologic character of beds having a thickness of less than 10 feet. 

Samples of the Coldwater formation are missing in many wells. In a few wells 
it is necessary to determine the base of the Coldwater from driller’s logs supplied 
by the Geological Survey of Michigan. 

The stratigraphic column (Fig. 1) is a reproduction of part of one recently 
compiled by George V. Cohee of the Ann Arbor, Michigan, office of the United 
States Geological Survey. 


PREVIOUS WORK 


Prior to the naming of the Marshall formation by Alexander Winchell in 1861, 
several geologists described some of the strata which later were assigned to the 
formation. Douglas Houghton (1838, p. 283) first State geologist of Michigan, 
referred to the sandstones at Pointe aux Barques as belonging to the ‘Lower 
Sandstone or Graywack Group” in his first annual report on the geology of Michi- 
gan. Houghton (1838, p. 279) also gave a brief account of the sandstone quarries 
at Jonesville and Napoleon, Michigan. A year later, Houghton (1839, p. 400) 
stated that the sandstones in Calhoun County belonged to “the great carbonifer- 
ous group of rocks.” 

The first attempt at a systematic account of the strata which included part of 
the Marshall formation was made by Bela Hubbard in 1840. The following year, 
Hubbard (1841, p. 553) presented a stratigraphic column of the rocks cropping 
out in the ‘‘organized counties of Michigan.” Winchell (1869, p. 59) wrote of this 
work: “In his attempt to assign them to their proper stratigraphical position, Mr. 
Hubbard fell into singular errors, and introduced into the most elaborate 
account of the lower peninsula which was destined to be published for twenty 
years, a confusion of facts which rendered the geology of Michigan an enigma to 
every one who attempted to parallelize the rocks with those of surrounding 
States.” 

The only other geologist who wrote concerning beds of the Marshall formation 
before the advent of the Winchell papers was R. P. Stevens (1858, p. 262), who 
described five species of fossils from the beds at Battle Creek. Stevens assigned 
these strata to the Carboniferous. 

Three years later the first of a series of discussions of the Marshall formation 
by Alexander Winchell was published. Winchell (1861, p. 84) briefly described 25 
feet of reddish to reddish green, fossiliferous sandstones cropping out near the 
town of Marshall in Calhoun County and named these beds in the Marshall 
group, stating that they were Chemung in age. He was able to trace the strata 
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northeastward into Huron County and northwestward into Ottawa County. 
Winchell (1861, p. 89) designated the grayer, less firmly cemented sandstone 
overlying the Marshall group as the Napoleon group and placed the latter at the 
base of the Carboniferous system. In regard to the Napoleon group, he (Win- 
chell, 1861, p. 90) stated that, “‘As a distinct formation, therefore, it has no satis- 
factory equivalent in surrounding States; and there is no reason, except its nega- 
tive paleontological characters, for separating it from the Marshall Group.” 

Winchell was the recognized authority on these beds for 15 years, although 
some of his ideas on the age of beds in other states which he correlated with his 
Marshall group were considered to be wrong by James Hall (Winchell, 1869, 
Pp. 73). 

In his second report on the Marshall, Winchell (1862a, p. 353), after examin- 
ing fossils from the top of the ‘““Huron group,” lowered the base of the ‘‘Marshall 
group” to include the 14 feet of bluish gritstone in the vicinity of Pointe aux 
Barques. 

After the publication of this report, Winchell devoted his efforts to a study of 
the paleontology and age of the “Marshall group” and of its supposed equivalents 
in other states (Winchell, 1862a, 1862b, 1863). He abandoned his Chemung 
classification in 1865 and expressed the opinion that there was a “hitherto unrec- 
ognized group of strata lying at the very base of the carboniferous system” which 
is represented by the ‘‘carboniferous conglomerate” of western New York (Win- 
chell, 1865, p. 110). He suggested that the westward extension of these conglom- 
erates included the Marshall group. 

Four years later a comprehensive summary of the work done on the Marshall 
group and its “equivalents” was presented by Winchell in a paper which was 
divided into two parts for publication (Winchell, 1869 and 1870). He (Winchell, 
1870, p. 415) concluded that this group was equivalent to the upper part of the 
Catskill group of New York. He (Winchell, 1869, p. 74) again altered the strati- 
graphic table by making the “Napoleon group” a member of the “Marshall 
group” and by dividing the Marshall into three members with a total thickness 
of 298 feet as follows. 


Marshall Group Feet 
Napoleon sandstone 123 
Marshall sandstone 160 
Huron gritstone 15 


Although Winchell consistently referred to the strata under consideration as 
the “Marshall group,” no publications subsequent to those of Winchell’s were 
found in which the term “group” is used with the Marshall. The term ‘‘Marshall 
sandstone’ was employed by Lane in 1895 and had the most frequent usuage 
until 1931. Since 1931 the term Marshall formation has been used in most 
publications. 

Carl Rominger, who succeeded Winchell as State geologist of Michigan, dis- 
cussed the Marshall rocks in his report on the Lower Peninsula (1876), but re- 
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fused to follow Winchell’s nomenclature or classification of the beds. He referred 
to the strata as the ““Waverly group” and included the present Coldwater in the 
group. He (Rominger, 1876, p. 98) described the sediments as being shore deposits 
and stated that, ‘‘The stratification often becomes discordant, and frequent 
changes in the material are induced by local influences; while in one place a shale 
bed forms, in another near by a sand-rock ledge may be accumulated. A compari- 
son of the strata in different outcrops of the Waverly group will for these reasons 
rarely allow of an identification of certain beds, and often not even of their exact 
horizon in the series.” 

Later, however, Lane (1895, p. 19) concurred with Winchell’s ideas and con- 
sidered the Marshall as marking the time at which the geological history of 
Michigan became independent of that of adjacent states, ‘‘so that any parallel 
must be made paleontologically rather than stratigraphically.”’ 

Lane (1900), in his report on Huron County, began the present practice of 
separating the Marshall into two divisions, the lower Marshall and upper Mar- 
shall, and of making the term Napoleon synonymous with upper Marshall. He 
(Lane, 1900, p. 19) assigned a total thickness of 560 feet to the Marshall forma- 
tion in Huron County and stated that the 260 feet of lower Marshall is a transi- 
tion from the thick shale underlying the Marshall to the heavy sandstones of the 
Napoleon. Cooper (1906, pp. 154-55) agreed with this idea but wrote that in Bay 
County the lower Marshall is appreciably thicker and the upper Marshall much 
thinner than in Huron County. 

Later, Lane and Seaman (1909, p. 82) described a westward thinning of the 
Marshall and explained it by earlier emergence in the southwestern part of the 
state than in the northeastern part. 

In his report on Arenac County, Gregory (1912, p. 58) accounted for the 
upper Marshall sandstone as being deposited in a southward-retreating and open 
Paleozoic sea. 

The first attempt at describing the history of Marshall time was made 
by Cook (1914 p. 64) in his discussion of the salt and brine deposits of 
Michigan. The main feature of this geologic history was the isolation of the 
Michigan basin during Marshall time. Cook suggested that the red shales of 
lower Marshall are seaward phases of the sandstones of upper Marshall. 

In the same year, Smith (1914a) wrote the first comprehensive discussion of 
the possible oil and gas fields of Michigan. He (Smith, rg14a, p. 30) expressed the 
opinion that the lower Marshall sandstones of Huron County are replaced by 
sandy shales in the central part of the Michigan basin and that the bottom and 
top of the lower Marshall beds are generally marked by a red color. 

The publication of Smith’s report marked the end of what might be referred 
to as the first phase of publications concerning the Marshall formation. There 
followed a period of 15 years during which the Marshall is scarcely mentioned in 
geologic publications. Much information from subsurface studies was obtained 
during this period, and in 1929 the beginning of the recent series of discussions 
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regarding the subsurface character of the Marshall formation appeared. Prob- 
lems of interest to the petroleum geologists such as key horizons within the Mar- 
shall and the nature of the upper and lower limits of the formation were the pri- 
mary subjects. 

Newcombe (1929, p. 207) started these discussions by stating that the red 
zones of lower Marshall exhibited no uniformity in the Saginaw oil field and were 
useless in that area as a mapping datum, but that the Napoleon sandstone had 
statewide value as a good correlation marker. Four years later, however, he 
(Newcombe, 1933, p. 82) wrote that the top of the Napoleon was eroded. Accord- 
ing to Newcombe, this erosion gave rise to considerable surface relief and locally 
the entire formation may have been removed in the western part of the Michigan 
basin. 

Publications following Newcombe’s initial article are numerous and by many 
authors. The facts and ideas set forth in the publications are an integral part of 
the present conceptions of the stratigraphy of the Marshall formation and are 
discussed later in this report. 


COLDWATER FORMATION 
GENERAL FEATURES 


The Coldwater formation consists of the gray and gray-blue shales underlying 
the Marshall formation in all parts of the Southern Peninsula of Michigan. At 
most places it rests on the black shale of the Sunbury formation, but at some 
localities, especially in western and southwestern Michigan, it directly overlies 
the Ellsworth green shale or the Antrim black shale. 

Although division of the formation into smaller stratigraphic units in certain 
areas may be possible, no zones have been found which can be recognized in all 
parts of the state. However, the character of the Coldwater sediments changes 
noticeably from east to west. Two general types of Coldwater sediments are 
evident in Michigan: a western facies, consisting of 565—1,080 feet of shale, in 
many places calcareous, with some interbedded dolomites; and an eastern facies, 
characterized by siltstones and fine-grained sandstones interbedded with the 
shales. Red shales and siltstones are common in the upper sediments of the 
eastern facies. Gray shale is the predominant rock of the formation in all parts of 
Michigan with the exception of the extreme eastern edge, where sandstone and 
siltstone comprise the greater part of the section. More than 1,000 feet of gray 
shale with no distinctive lithologic changes are penetrated in some wells near 
the center of the state. 

A redbed at the base of the Coldwater is the only zone within the formation 
that can be recognized in both the western and the eastern facies. This bed varies 
in thickness from a few inches to 4o feet. It is red dolomite or limestone on the 
west side of the state, especially in Oceana, Newaygo, and Muskegon counties, 
and red shale in Clinton, Saginaw, and Shiawassee counties and parts of adjacent 
counties in the eastern part of the state. At most places the bed occurs at the very 
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base of the Coldwater, but it may be as much as 30 feet or more above the base of 
the formation in some localities. The approximate areal distribution of these 
basal Coldwater red sediments, where they are continuous, is indicated in 
Figure 3. As the red zone is irregular in its occurrence in the nogthern part of the 
Southern Peninsula, no attempt is made to map its distribution in this area. 
Small isolated areas of it in Isabella, Midland, and Gladwin counties are not 
shown in Figure 3. 

Overlying the basal red zone is a thick shale which is often described by 
drillers as “blue shale.” The shale is gray, very fine-textured rock which may be 
bluish gray when wet. The thickness of this shale and the lithologic character of 
the sediments interbedded with the shale vary in different areas. 


WESTERN FACIES 


The Coldwater of the western half of the Southern Peninsula, here referred to 
as the western facies, contains several calcareous or dolomitic strata. Distinctive 
beds of dolomite are recognized in well cuttings at depths ranging from 150 to 
750 feet above the base of the formation. Under the popular term ‘Coldwater 
lime,”’ Hale (1941, p. 722) describes four types of dolomite occurring in the for- 
mation: (1) a speckled dolomite consisting of a gray dolomite matrix with 
embedded grains of light brown dolomite; (2) speckled dolomite with ‘‘pepper- 
ings”’ of glauconite; (3) crystalline dolomite with ‘“‘pepperings” of glauconite; and 
(4) crystalline dolomite with no glauconite. By means of a map, she shows that 
the speckled dolomite and glauconitic dolomite are generally confined to the 
western margin counties of the state. She (Hale, 1941, p. 723) states, ““Eastward 
the dolomite is crystalline rather than speckled, although it occurs at about the 
same horizon and contains a little glauconite. Farther east and especially north 
the crystalline zones are common throughout the Coldwater gray shale section 
and indicate no definite horizon.” In addition to the crystalline dolomite, shaly 
dolomite and dolomitic shale are present in the Coldwater near the center of the 
state. Although the thicknesses and stratigraphic positions of the various dolo- 
mites differ greatly, the dolomites are concentrated near the center or in the 
upper part of the formation. Fossilfragments are common in these dolomites. 

Lithologically, the upper Coldwater shales in the western half of the state are 
identical with the lower shales of the formation. The top of the Coldwater forma- 
tion is relatively easy to determine because the lithologic difference between the 
gray Coldwater shale and the Marshall red and tan sandstones is marked. 

The lateral change from the western dolomitic sediments to the eastern silty 
and sandy deposits is gradational. The siltstone beds nearest the western facies 
sediments are commonly very dolomitic. It is possible, however, to draw a line 
separating the general area in which definite siltstones are recognized from the 
general area in which non-silty dolomitic sediments are present (Fig. 3). This 
demarcation between the eastern and western facies coincides approximately 
with a 1,050-foot isopach line of the Coldwater. Although the thickness of the 
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Coldwater ranges from 565 to 1,100 feet in the state, it apparently is not less than 
1,000 feet and nowhere greater than 1,060 feet along this facies demarcation. 

A common feature of the western facies of the Coldwater formation is the 
prominent thinning of the sediments from the center to the western margin of the 
state. A thickness of nearly 1,100 feet is revealed by several wells in Ts. 5-6 N., 
in Clinton County. From this area westward into Oceana County the Coldwater 
decreases in thickness more than 500 feet. The thinnest section obtained from 
well-sample examinations is 565 feet in T. 13 N., R. 16 W., Oceana County. 
Although these thicknesses are the two extremes, where the top and base of the 
formation are easily identified, similar thinning of the Coldwater occurs west of 
the area between Crawford and Calhoun counties. The 1,080 feet of Coldwater 
measured in eastern Roscommon County thins to 700 feet in Wexford County, 
40 miles west. 

A slight amount of southward thinning of the Coldwater formation toward the 
outcrop area is indicated. Thinning in this direction is much less than toward the 
west. The thickness of the Coldwater in Jackson County is 100-150 feet less than 
it is in Clinton County 50 miles north. An isopach line representing a thickness of 
1,000 feet would extend east and west through the central part of Calhoun County 
and the northern part of Jackson County. It would maintain a dominantly north- 
south extent elsewhere in the state. 

Thinning is not perceptible from the center of the state toward the area in 
which Coldwater shale underlies the glacial drift on the north side of the state. 
The most northern well from which samples are available is in the eastern margin 
of Kalkaska County (well 1, Fig. 4). A total of 925 feet of Coldwater was pene- 
trated in this well. Wells drilled 30-60 miles south have approximately the same 
thickness of Coldwater. 


EASTERN FACIES 


The eastern facies of the Coldwater formation presents a more complex 
stratigraphic problem that does the western facies. Although the lower limit of 
the formation is easily identified in well cuttings, the top is poorly defined due to 
the similarity of the sandy and silty sediments in the upper part of the Coldwater 
formation to beds in the lower part of the Marshall formation. 

In the central part of the Michigan basin the basal Marshall strata are either 
extremely fine-grained red shaly sandstone or soft red silt ranging in thickness 
from 40 to 100 feet and occurring 100-130 feet below the top of the Marshall 
formation. East of central Michigan, within the limits of the eastern Coldwater 
facies, lithologically identical beds are intercalated with gray shales as far as 500 
feet below the top of the Marshall formation. This occurrence led several 
writers (Cooper, 1906, p. 155; Carlson, 1927, p. 962: Newcombe, 1933, p. 573 
Pringle, 1937, p. 22) to conclude that the deposits are lower Marshall in age 
and correlative with the 560 feet of Marshall sediments reported by Lane 
(1900, p. 22) in Huron County. This correlation implies a thickening of the 
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Marshall amounting to more than too per cent from the west side of Michigan to 
the central and eastern part of the state. Data from more recent drilling have 
caused many of the petroleum geologists in Michigan to correlate the lower red- 
beds with the Coldwater formation. A thorough investigation of the Coldwater 
stratigraphy in eastern Michigan is therefore necessary to determine the Cold- 
water-Marshall relationship and to account for the 560 feet of Marshall beds 
assumed to be present in Huron County. 

The general extent of the eastern and western facies of the Coldwater is out- 
lined in Figure 3. East of the facies division line, wells penetrating the Coldwater 
formation show varying amounts of extremely fine-grained sandstone and silt- 
stone interbedded with the Coldwater shale. The nature of the Coldwater and 
Marshall sediments in the eastern part of the state is shown on three cross 
sections. The most northern one, cross section FF’ (Fig. 5), extends from the 
western side of Gladwin County to a well drilled within 2 miles of the northwest 
shore of Saginaw Bay in Arenac County. A general increase in the quantity of 
siltstone and sandstone from west to east is one of the most striking features of 
the section. The eastern half of section BB’ (Fig. 6) extending from Midland to 
Lapeer County again illustrates an increasing amount of these clastics toward the 
east. Although the easternmost wells in the two sections are more than 65 miles 
apart, the lower Marshall-Coldwater sediments in each well are less than 20 per 
cent shale. A third cross section CC’ (Fig. 7) extending from the central part of 
Saginaw County northeastward into Huron County does not show the eastward 
sandstone development as well as the other two sections. All of the wells illus- 
trated in this section contain a large amount of siltstone and sandstone in the 
Coldwater-lower Marshall sequence. 

A fair representation of the Coldwater and Marshall beds in the eastern half 
of the state is given by these three cross sections. Exainination of the sections 
reveals the limitations of general statements which are applicable over the entire 
area regarding the stratigraphy. The stratigraphic position of the silty and sandy 
beds is not constant. They may occur in the basal 100 feet of the Coldwater for- 
mation (Shiawassee, Genesee, Bay, and Arenac counties) or at any stratigraphic 
level in the succeeding 1,000 or more feet of Coldwater-lower Marshall sediments. 
In Gratiot County they appear to be restricted to the middle part of the forma- 
tion, but in Saginaw County, the adjacent county on the east, they occur at 
various stratigraphic levels throughout the section. Correlation of individual beds 
is difficult and in many places impossible with the data available. 

Although red colors are uncommon in the siltstones adjacent to the dolomitic 
facies of the Coldwater, they occur from 6 to 15 miles east of the Coldwater 
facies division line (Fig. 3). The areal distribution of the redbeds is indicated in 
Figure 3. A question may arise concerning the western extent of these redbeds in 
Figure 3, as the lower Marshall of central and western Michigan is commonly 
characterized by red sediments. Examination of the north-south cross section 


etos 
SAMPLES 
600 
CAL 
| 
Tobias 
Mossner #) 
He Orey #2 
Lassiter 
Kerr 
ner #1 
Klemp #2 


648 V. BROWN MONNETT 


AA’ (Fig. 4) clarifies this point. Wells 19-24 in the section show the initial occur- 
rence from west to east of the red siltstones and sandstones several hundred feet 
below the top of the Marshall. The red zones illustrated in the section average 20 
feet in thickness and are 600-750 feet above the base of the Coldwater gray 
shale, which is more than 1,000 feet thick in this area. Wells drilled a few miles 
west of this section penetrate an almost identical thickness of Coldwater, but no 
redbeds occur below the uppermost gray shale of the Coldwater, which lies 
directly under the Marshall formation. It is apparent from their stratigraphic 
position that these red zones are well within the limits of the Coldwater. They 
are overlain by 250-300 feet of typical Coldwater shale with a few interbedded 
siltstones and sandstones characteristic of the eastern facies. It is the westward 
extent of these lower red zones that is shown in Figure 3. In the area east of 
section A A’ (Fig. 4) redbeds become more common in the upper part of the Cold- 
water formation, and it is very difficult to separate the redbeds of the Coldwater 
from those of the Marshall. 

The redbeds in the lower Marshall and upper Coldwater strata in central and 
east-central Michigan are predominantly red siltstones. Very fine-grained red 
sandstones are common, however, and red shale is penetrated in some wells. The 
occurrence of red sediments from Midland County to Lapeer County is illustrated 
in the eastern part of cross section BB’ (Fig. 6). The section reveals 3-5 red zones 
at different stratigraphic levels from go to 500 feet below the top of the Marshall 
sandstone. The highest and lowest of these zones are the most persistent. The 
uppermost red zone, consisting of 40-100 feet of red sandstone and siltstone at 
the base of the Napoleon sandstone, is equivalent, in part at least, to the lower 
Marshall beds. The lowermost red zone consists of 50-75 feet of red siltstone and 
shale occurring 400-500 feet below the top of the Marshall. This zone extends 
farther eastward than any other red zone in the Marshall or Coldwater forma- 
tions. Between the upper and lower red zone, one to three beds of red siltstone and 
sandstone, as well as a few gray beds of the same lithologic character, are inter- 
bedded with gray shale. 

It is apparent from an examination of cross section BB’ that the Coldwater- 
Marshall contact is very indefinite east of central Midland County. It has been 
shown that the lower red siltstones grade laterally into Coldwater gray shales in 
the central part of the state. A separation of the higher red zones into those of 
Coldwater age and those of lower Marshall age would not be justified. There 
appears to be no lithologic feature that can be traced for any appreciable distance 
which could be used as the basis for the separation. The red zone directly under- 
lying the tan Napoleon sandstone in this area must be partly equivalent to the 
red lower Marshall strata which are clearly defined in western Midland and 
Isabella counties. The fallacy in using the base of this uppermost red zone as a 
criterion for the Coldwater-Marshall division in eastern Michigan is illustrated 
by wells 14, 15, 16, and 17 in cross section BB’ (Fig. 6). It is apparent that the 115 
feet of dark red siltstone in well 15 grades laterally into red and tan sandstones 
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and gray shales. Similar conditions are illustrated in the other cross sections that 
extend into the area of Coldwater-Lower Marshall redbed occurrence (section 
FF’, Fig. 5; section CC’, Fig. 7). 

Toward the margin of the area in which the Coldwater-lower Marshall redbeds 
occur the number and thickness of the red zones diminish. The occurrence of the 
redbeds near the western margin has already been discussed. Very little informa- 
tion is available concerning the northern extent of the red sediments other than 
the restriction of the lower red zones to the area east of the anticlinal fold in 
Arenac and Ogemaw counties (cross section F’, Fig. 5). There are no redbeds in 
the Coldwater-Marshall strata on the crest of thi anticlinal area, although red 
colors occur at the west in the lower Marshall sediments in the region where the 
Marshall and the Coldwater formations can be separated. 

There is a gradual disappearance of the red zones toward the eastern and 
southern margins of the area in which they occur. Cross section BB’ (Fig. 6) 
illustrates the decrease and disappearance of red color from the sediments. The 
only red zone recognized in Genesee and Lapeer counties is the lowest one, which 
is approximately 25 feet thick and occurs 400-500 feet below the top of the Mar- 
shall. This zone is absent east of the extreme northwest part of Lapeer County 
and no red sediments are found in the entire Coldwater-Marshall sequence of 
rocks. 

The disappearance of the red color from the Coldwater-lower Marshall strata 
does not simplify the separation of the two formations in the eastern part of the 
state. The interval between the Napoleon sandstone and the Sunbury black shale 
is composed of 1,100-1,300 feet of interbedded sandstone, siltstone, and shale. 
There is no lithologic unit which may be used as a basis for separating the two 
formations in their subsurface occurrence. The individual beds of both coarser 
and finer clastics are not continuous and appear to grade laterally into one 
another. Attempts to establish a subsurface stratigraphic division between the 
Coldwater and Marshall formations from the data now available may lead to 
misinterpretations of the stratigraphy in this area. 

The thickness of the Coldwater in the eastern part of the Lower Peninsula is 
not measurable due to the indefinite nature of the top of the formation. However, 
the examination of the interval from the top of the Marshall to the base of the 
Coldwater is of interest. With the exception of eastern Arenac, eastern Ogemaw, 
Iosco, and Huron counties, this interval varies less than go feet in all counties 
embracing the eastern Coldwater facies north and east of Clinton County. In the 
extreme northwest township of Saginaw County there is a total Coldwater- 
Marshall thickness ranging from 1,200 to 1,220 feet. In Lapeer County, 60 miles 
southeast, 1,190-1,220 feet are recorded. The interval amounts to 1,240 feet in 
the southeast corner of Roscommon County, 60 miles north of Saginaw County. 
The minimum thickness observed within the area indicated was 1,160 feet in the 
western part of Saginaw County. 

The Coldwater-Marshall thickness increases markedly not far east of north- 
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central Arenac County and western Ogemaw County (section FF’, Fig. 5). Wells 
drilled in the north-central part of Arenac County penetrate 1,200-1,240 feet of 
Coldwater-Marshall sediments. Twelve miles east, 1,350 feet are drilled. Less 
than 10 miles farther east, beyond the extent of section FF’, this interval ap- 
proaches 1,500 feet. These sediments vary from 1,320 to 1,470 feet in thickness in 
Iosoc County northeast of Arenac County. It is shown in the discussion of the 
Marshall formation that the Napoleon sandstone is nowhere greater than 160 
feet and nowhere less than go feet in thickness in this area. The eastward thicken- 
ing is therefore a feature of the Coldwater-lower Marshall sediments. 


CHARACTER OF DEPOSITIONAL BASIN 


Several conclusions regarding the nature of the basin in which the Coldwater 
sediments were deposited may be made from the data now available. The west- 
ward thinning of the sediments and the gradual lithologic change from dolomites 
and shales in the west to shale, siltstone, and sandstone in the east are strong 
evidence of an eastern source of sediments. The rather abrupt thickening of the 
Coldwater-lower Marshall deposits from Arenac and western Ogemaw counties 
into Iosco County may indicate a localization of the main source of sediments 
northeast of this area. 

Some information pertaining to the size of the area of deposition is afforded by 
the small amount of thinning on the south, the absence of thining on the north, 
and the lithologic character of the western sediments. The absence of north-south 
thinning implies an original extent of the Coldwater sediments far beyond the 
present boundary of the formation. The absence of clastics other than fine-tex- 
tured shale, and the increasing development of chemically precipitated sediments 
in the western margin of the state suggest that these sediments were deposited an 
appreciable distance from the former western limit of the Coldwater deposits. 

Examination of the several cross sections included in this report reveals a 
thinning of the Coldwater strata over anticlinal folds in the Michigan basin. This 
relationship was suggested by Newcombe (1933, p. 81). A thinning of the com- 
bined Coldwater-lower Marshall beds over the anticline in Arenac County is 
shown in section FF’ (Fig. 5). The absence of the top of the Coldwater on the 
Howell anticline in the southeastern part of the state makes it difficult to deter- 
mine the amount of thinning of the formation over the structure. There is, how- 
ever, a thinning toward the anticline from the north, west, and east. Thinning 
over the smaller and more poorly defined anticlines in the central and western 
parts of the Michigan basin is indicated, but is of such small magnitude that it 
may be questioned. This thinning of the Coldwater over the larger anticlines and 
possibly over the smaller ones indicates that these folded structures antedate 
Coldwater sedimentation. Ballard (1938, p. 1,548) reports a personal communi- 
cation from C. C. Addison in which the latter suggests a thinning of the basal 
Mississippian beds over oil-producing structures in Allegan County. 
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The marine sedimentation basin in which the Coldwater sediments were 
deposited appears to have occupied a large area comparable with the size of the 
basins in which older Paleozoic sediments in Michigan were deposited. The basin 
contained topographic irregularities of varying sizes due to the expression of 
folding in the older rocks on the sea floor. Sediments entering the basin from the 
east consisted of sands, silts, and muds. Variations in the volume of these sedi- 
ments and in the current and wave action within the eastern part of the deposi- 
tional basin caused an interfingering of these clastics as they were deposited. 
Toward the close of Coldwater time some of the streams entering the basin 
apparently flowed from an area in which red ferruginous sediments had origi- 
nated. These red sediments were carried into the basin and were deposited in an 
interfingering sequence similar to that of the other Coldwater deposits. 

Fine muds were settling out of the more open sea on the west beyond the area 
where the coarser clastics were being deposited. The precipitation of carbonate 
deposits occurred at intermittent times in the quieter and deeper waters. They 
became more common still farther west where less mud was transported by the 
water. The influence of a western landmass on the present Coldwater deposits 
appears to have been negligible. 


MARSHALL FORMATION 
OUTCROPS 


General area.—The Marshall formation is covered with glacial drift in most of 
the outcrop area and only few natural exposures of the sandstones are found. All 
of the larger exposures in the southern part of the state are in old quarries, most 
of which were abandoned long ago. Surface appearances of the Marshall occur 
in Hillsdale, Jackson, and Calhoun counties in southern Michigan, Ottawa County 
in southwest Michigan, and in eastern Tuscola, western Sanilac, and northern 
Huron counties comprising the “Thumb” area of eastern Michigan. The outcrops 
in Huron County are discussed separately from the other Marshall outcrops 
because they present a separate problem. 

Hillsdale County.—The most southern exposure of Marshall strata in the state 
where more than 1o feet of section is exposed is about 1 mile northeast of Osseo, 
in the northwest corner of Sec. 4, T. 7 S., R. 2 W., in Hillsdale County. The out- 
crop consists of 20 feet of thin-bedded, very fine-grained argillaceous sandstone. 
The sandstone is buff to greenish buff in color in the upper part of the exposure 
and rust. brown in the lower part. Numerous fossils are in the talus. 

North and west of Osseo, old quarries at Hillsdale and Jonesville provide 
outcrops of Marshall strata. The quarry at Hillsdale is within the city limits, in 
the SW. { of Sec. 22, T. 6 S., R. 3 W. Although more than 25 feet of strata was 
exposed in this quarry many years ago, it has been filled in to such an extent 
that now less than 8 feet of bedrock is available for examination. The rock is an 
olive-green to buff, thin-bedded, very fine-grained sandstone. 
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The quarry at Jonesville is at the southern edge of the city limits on the east 
bank of an old mill race about 200 feet north of the mill pond. Thirty feet of tan to 
greenish gray, thin-bedded, very fine-grained sandstone is exposed. Fossils are 
present in the talus although they are not abundant. 

A petrographic study was made of a sample of the sandstone exposed at 
Jonesville. More than go per cent of the sandstone is quartz. Other constituents, 
in order of their abundance, include chert, muscovite, biotite, and plagioclase 


Fic. 8.—Abandoned quarry in Marshall sandstone at Stony Point, Jackson 
County, Michigan. Photograph by G. M. Ehlers. 


feldspar. The sandstone contains minor amounts of chlorite, ilmenite, rutile, and 
zircon. 

Several small and isolated exposures of Marshall strata are in the northern 
tier of townships in Hillsdale County. The most accessible are in a road cut 3 
miles east of Litchfield in the SW. } of Sec. 18, T. 5 S., R. 3 W., and in road cuts 
around Mosherville Station in Sec. 2, T. 5 S., R. 3 W. The beds at these locali- 
ties consist of very fine-grained, olive-green to buff sandstone which is very simi- 
lar in lithologic character to the strata at Jonesville and Hillsdale. However, 6 
feet of sandstone exposed in a new pipe-line ditch 13 miles north of Jerome in the 
NW. {, NW. i, SE. 7 of Sec. 7, T. 5 S., R. 1 W., is lithologically very different. 
The rock is medium-grained, porous and friable sandstone which is light buff and 
grayish white in color. 

The fine-grained, fossiliferous sandstones of Hillsdale County are generally 
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Fic. 9.—Quarry in upper Marshall sandstone at Napoleon, Jackson County, Michigan. 


considered to belong in the lower Marshall strata. The medium-grained, non- 
fossiliferous sandstone near Jerome is more similar to the sandstone at Napoleon, 
13 miles northeast, than to any of the other sandstones in Hillsdale County. 

Jackson County.—The largest exposure of Marshall deposits in the state is in 
southern Jackson County at the abandoned Stony Point quarry (Fig. 8) south- 
west of Hanover in Sec. 31, T. 4S., R. 2 W. The section is as follows. 


SECTION OF MARSHALL STRATA EXpPosED AT STONY POINT IN SEC. 31, T. 4 S., R. 2 W. 
Feet Inches 


Sandstone, fine-grained, tan, very friable 16 
Sandstone, fine- to medium-grained, buff; contains some small, gray, lenticular 
“mud lumps” 
Sandstone, fine-grained, buff to brown; contains molds of pelecypods and goniatites 
coated with limonite 6 
Sandstone, fine- to medium-grained, buff to brown, friable, micaceous 9 6 
Sandstone, fine- to medium-grained, buff, massive; contains a few poorly preserved 
fossils 13 
49 


The mineral composition was determined of a sample of the sandstone taken 
5 feet above the base of the exposure. About 95 per cent of the rock is quartz, 
feldspar, and mica. The feldspar content of the sandstone varies from 5 to Io per 
cent and is greater than that of the sandstone at Jonesville. 

The Stony Point exposure probably belongs in the central part of the Marshall 
formation. Beds in the upper part of the Marshall crop out at Napoleon northeast 
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of this locality and sandstones in the lower part of the formation are in Hillsdale 
County on the south. Lithologically, the sandstone at Stony Point possesses 
characteristics common to both the coarser sandstones at Napoleon and the finer 
sandstones on the south. 

Another good exposure of Marshall sandstone in Jackson County is in the 
quarries at the east edge of Napoleon, Michigan (Fig. 9). This is the type 
locality of the Napoleon sandstone described by Winchell (1861, p. 89). Winchell 
measured 75 feet of sandstone in the area of the quarries. Twenty-five years 
later, Rominger (1876, p. 80) recorded 50 feet of sandstone at the same locality. 
At the present time less than 20 feet of bedrock is exposed. It consists of medium- 
grained, friable, non-fossiliferous sandstone. The strata are very light buff on 
fresh surface but weather to medium-gray. The sandstone appears massive from 
a distance but on closer examination, particularly of the weathered surfaces, a 
series of thin beds are seen. This thin bedding makes it possible to quarry large 
flat blocks of sandstone 1-4 inches thick. 

There is no noticeable change in the sandstone from the bottom to the top of 
the quarry. The sand grains are subangular to subrounded and do not have frosted 
surfaces. Quartz and chert are the chief constituents of the sandstone. Biotite and 
chlorite are common and minor amounts of tourmaline, ilmenite, and zircon are 
present. The feldspar content of the sandstone is very small. 

Outcrops of Marshall beds elsewhere in Jackson County are rare. The forma- 
tion is very close to the surface at several localities in the southern part of the 
country but no bedrock was observed. 

Calhoun County.—The Marshall sandstone is very near the surface at many 
places along the Kalamazoo River Valley between Homer and Battle Creek in 
Calhoun County. The presence of several quarries along the river make this area 
the best in the state in which to study the Marshall strata. 

Down the river from Homer, an abandoned quarry on the west river bank in 
the NE. } of Sec. 20, T. 3 S., R. 4 W., reveals 22 feet of non-fossiliferous sand- 
stone. The rock is the most coarsely grained Marshall sandstone exposed in 
southern Michigan. It is a porous, friable rock composed of medium to coarse 
sand grains and ranges in color from buff to grayish white. The sandstone is more 
massive than that at Napoleon. 

The next outcrop west, near Morengo, is one of the few natural exposures of 
more than 5 feet of Marshall sandstone in southern Michigan. The outcrop is on 
the south bank of Kalamazoo River near the center of Sec. 30, T. 2 S., R. 4 W. 
Approximately 14 feet of small- to medium-grained, light tan to grayish 
white sandstone rises above the river flat. The lower 5 feet is mostly covered, but 
the remaining 9 feet is very friable, porous, massive sandstone showing some 
cross-bedding. A few feet of this sandstone is exposed in a road cut 1 mile south- 
east in Sec. 32 of the same township. 

The quarry at Marshall, Michigan, from which Winchell (1861, p. 84) adopted 
the name of the Marshall formation, now furnishes much less section to examine 
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than it did in Winchell’s time. Winchell described 25 feet of rock in 1861, whereas 
now only g feet is exposed. Undoubtedly 25 feet of sandstone is present, but most 
of it is covered. It is only due to recent quarry operations that the g feet is exposed 
The rock is a fine-grained, olive-green to tan sandstone which is rather massive at 
the base and thin-bedded and platy toward the top. A few large flakes of musco- 
vite are in the sandstone. Although a few pelecypods are present throughout the 
9 feet, an abundance of fossils occurs in a bed of shaly, ferruginous sandstone 3 
feet above the base of the exposed section. The extremely fossiliferous bed is soft 
on fresh surfaces and complete fossils can be obtained, but the bed becomes very 
hard after it has weathered a short time, and the collection of unbroken fossils 
is more difficult. 

The mineral content of a sample of the sandstone taken one foot above the 
base of the quarry was determined. Quartz and chert are the most common 
minerals, comprising about go per cent of the sample. Biotite, feldspar, and frag- 
ments of mica schist are the other chief constituents. Minor amounts of ilmenite, 
chlorite, apatite, tourmaline, and calcite are likewise present in the sandstone. 

Larger exposures of Marshall strata are along the Kalamazoo River between 
Ceresco and Battle Creek. A quarry on the north side of the river 1 mile west 
of Ceresco in the southwest corner of Sec. 24, T. 2 S., R. 7 W., provides the 
following section. 

SECTION OF MARSHALL STRATA EXPOSED 1N QuaRRY IN SEC. 24, T. 2 S., R. 7 W. 
Feet Inches 
Sandstone, fine-grained, thin-bedded, argillaceous and hard 8 8 
Sandstone, fine-grained, thin-bedded, argillaceous; contains thin bands of limonite 


molds of ostracods Io 
Sandstone, fine- to medium-grained, thick-bedded, tan; contains some large flakes 


of mica 5 


The entire section is argillaceous as compared with the sandstone at Marshall. 
The argillaceous content makes it harder and better cemented. When crushed, 
the sandstone resembles light brown silt. Ostracods were the only fossils observed 
in the sandstone. 

Two miles farther downstream, on the north side of the river in Sec. 15, T. 
2 §., R. 7 W., is the abandoned Clark quarry. The north bank of Kalamazoo 
River between these two quarries seems to be composed largely of Marshall 
sandstone, but bedrock is seen in few places. The 22 feet of sandstone exposed in 
the Clark quarry is generally more coarse-grained than that at the Ceresco or 
Marshall quarries. The lower and more massive 12 feet consists of fine-grained 
sandstone with a few disseminated grains of medium size, but in the upper 10 
feet coarser sand grains are more abundant. The sandstone ranges in color from 
olive-green to grayish tan. 

A petrographic examination of a sample of this sandstone 13 feet above the 
base of the exposure shows a feldspar content much greater than that of other 
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Marshall sandstones in Michigan. Orthoclase, microcline, and varieties of plagio- 
clase feldspar constitute at least 20 per cent of the grains in the sandstone. Ap- 
proximately 75 per cent of the minerals are quartz and chert. Biotite, muscovite, 
fragments of mica schist, rutile, and zircon are the remaining constituents. 

Marshall strata underlie a thin soil covering at several places in Battle Creek 
and are commonly exposed in excavations in the city. The bed of Kalamazoo 
River has been reported to be fossiliferous Marshall sandstone in the vicinity of 
the Kendall Street and the Emmet Street bridges. Although the fossiliferous beds 
were not seen, the following section was measured on the west bank of the river 
about 100 feet upstream from the Emmet Street bridge. 
SECTION OF MARSHALL STRATA ExposeD NEAR EmMET STREET BRIDGE, 

BATTLE CREEK, MICHIGAN 


Feet Inches 
Sandstone, fine- to medium-grained, tan to gray, very friable, with some indications 


of cross-bedding 7 
Clay, gray, soit 6 
Sandstone, fine- to medium-grained, greenish gray to tan; beds are 1-6 inchesthick 2 
Sandstone, fine-grained, greenish gray 3 6 


13 


Ottawa County.—No exposures of the Marshall were observed between Battle 
Creek and Holland, Michigan. A quarry in Sec. 22, T. 5 N., R. 15 W., east of 
Holland and southeast of Waverly, marks the most northern and western 
surface occurrence of the Marshall formation in this part of the state. The 
quarry, which is as much as 4o feet deep in some parts, is now nearly filled with 
water. On the east side of the quarry 2 feet of gray to buff, fine-grained sandstone 
stands above the water level. The lower 6 inches is very fossiliferous, brown, 
ferruginous, fine-grained sandstone. The high content of iron oxide makes the 
rock very hard. 

Slabs of sandstone taken from the lower parts of the quarry for building pur- 
poses were examined in the town of Holland. The sandstone is greenish tan, fine- 
grained, silty, and micaceous. A thin section of the rock was made and the mineral 
content determined. The constituents are essentially the same as in other fine- 
grained Marshall sandstones in southern Michigan. Feldspars comprise more than 
10 per cent of the sample. Flakes of biotite and muscovite and fragments of mica 
schist also are present. 

Tuscola and Sanilac counties.—Several exposures of upper Marshall (Napoleon) 
sandstone occur in northeastern Tuscola and northwestern Sanilac counties in the 
vicinity of the North Branch of Cass River. Gordon (1900, p. 12) estimated that 
about three-fifths of Sanilac County is underlain by Marshall sandstones. Rom- 
inger (1876, p. 78) reported outcrops of coarse-grained sandstone in the towns of 
Elkland and Novesta in Tuscola County and in the towns of Greenleaf and 
Argyle in Sanilac County. Most of the rock is thinly bedded, but in some places 
beds up to 3 feet in thickness occur between the thin-bedded deposits. Good ex- 
posures in Sanilac County are along the north bank of a small stream in the 
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northwest corner of Sec. 13, T. 14 N., R. 12 E., and in the northeast corner of 
Sec. 19, T. 13 N., R. 13 E. A sample of the sandstone from the village of Tyre in , 
Sec. 1, T. 14 N., R. 13 E., Sanilac County, where upper Marshall beds reach the 
surface was sectioned for petrographic study. Quartz and chert comprise most 
of the sand grains. There are minor amounts of feldspar, zircon, ilmenite, bio- 
tite, muscovite, and apatite. 

Some clues regarding the lithologic character of the beds immediately under- 
lying the Napoleon medium- to coarse-grained sandstone were found near Argyle 
in Sanilac County in the northeast corner of Sec. 28, T. 13 N., R. 13 E. The rocks 
dredged out and dumped along the banks of a small stream at this locality con- 
sist of blue-gray shale and fine-grained, greenish brown sandstone. Among these 
rocks some fragments of conglomerate were found which are very similar to the 
“peanut conglomerate” of northern Huron County. Although no bedrock was 
definitely recognized, parts of the stream bed appeared to be blue-gray shale. 
Rominger (1876, p. 78) described beds of shale and fine-grained sandstone in 
bluffs along the side of Cass River in Sec. 7, T. 13 N., R. 12 E., Sanilac County. 


SUBDIVISION IN SOUTHERN MICHIGAN 


A division of the Marshall formation into two distinct members is very 
difficult in most parts of the state. The division in the area of outcrops has been 
based on the presence of fossils in the lower, fine-grained sandstones of lower 
Marshall and the absence of fossils in the upper, coarser-grained Napoleon sand- 
stone. These criteria are of little aid in the division of the Marshall in subsurface 
work and are not applicable everywhere in the outcrop area. There are many feet 
of fine-grained sandstone exposed in Calhoun County in which fossils are exceed- 
ingly scarce. A few fossils are found in coarser-grained sandstones at Stony 
Point in Jackson County, although their occurrence in rocks of this type is not 
common. 

The use of grain size to determine whether an outcrop is in the upper or lower 
parts of the Marshall is very questionable. Medium-grained sandstones are not 
entirely restricted to the upper part of the Marshall but may occur in the lower 
part of the formation interbedded with fine-grained sandstone. Conversely, fine- 
grained sandstones are not confined to the lower part of the formation, but occur 
interbedded with the more coarse-grained sandstones in the upper part of the 
Marshall, especially in the southwestern part of the state. 

The variations in grain size are even more evident in the wells that penetrate 
a complete Marshall section a few miles basinward from the outcrop area. Cross 
section GG’ (Fig. 10) illustrates the lithologic character of the Marshall formation 
in subsurface adjacent to the outcrop area in southern Michigan extending from 
Jackson County northwest into Ottawa County. The Coldwater-Marshall con- 
tact in this area is marked by a distinct change in lithology. The Marshall sedi- 
ments overlying the Coldwater gray shale consist of fine-grained, tan sandstone 
and medium-grained, tan to white sandstone. Thin discontinuous lenses of gray 
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shale occur at various stratigraphic positions within the Marshall formation in 
half of the wells illustrated in cross section GG’. The lowermost Marshall beds are 
fine-grained and commonly calcareous or dolomitic. 

A well in north-central Calhoun County (well 9, cross section GG’, Fig. 10) 
contains a Marshall sequence very similar to that described by Winchell (1861, 
p. 139) from his examination of outcrops. The well penetrated 130 feet of me- 
dium-grained, white to tan, porous sandstone overlying 135 feet of grained, 
calcareous sandstone. This is an ideal section for dividing the formation into 
two members. The upper 130 feet closely coincides with the original descrip- 
tion of the Napoleon sandstone and the lower 135 feet represents the lower Mar- 
shall sandstone. Unfortunately, however, the section is not typical of the Marshall 
formation. The wells in Eaton, Barry, Kent, and Ottawa counties shown on cross 
section GG’ do not demonstrate a singular marked lithologic change near the 
center of the formation. Generally, the coarser sandstones are in the upper half of 
the formation but the western wells shown in section GG’ (Fig. 10) are exceptions. 
A well in north-central Barry County (well 5, Fig. 10) penetrated 275 feet of 
Marshall sandstone of which all but 40 feet in the center of the formation is fine- 
grained. If a few feet of the upper part of this sandstone should appear in outcrop, 
it would probably be noted as lower Marshall strata. 

It is concluded from a study of the surface and subsurface character of the 
Marshall formation in southern Michigan that a division of the Marshall into 
upper and lower members is not advisable when the division must be based on 
lithology alone. A division of outcrops based on the presence or absence of fossils 
may be possible in localities where the medium-grained sands are restricted to the 
upper part of the formation and the fine-grained sands are restricted to the lower 
part. Even under these conditions the value of a division of the formation is 
questionable, because the division could not be extended laterally more than a 
few miles owing to the lack of outcrops and to the lateral changes of lithology. 


SUBSURFACE IN WESTERN AND CENTRAL MICHIGAN 


Occurrence of red sediments.—The Marshall formation exhibits several marked 
lithologic changes basinward from the outcrop area. Although red sediments are 
absent in the outcrops and appear only in the most western well of section GG’ 
(Fig. 10), they are common in the Marshall near the center of the Michigan 
basin, especially in the lower beds of the formation. 

The areal distribution of redbeds in the Marshall formation, where the for- 
mation is clearly defined, is shown in Figure 11. Their extent is nearly as great as 
that of the Marshall itself. They are entirely absent in a relatively narrow area 
adjacent to the drift-covered outcrop in southern and eastern Michigan. The 
southern boundary of Marshall redbeds conforms in general with the strike of the 
strata in southern Michigan. 

The eastern limit of red sediments in the Marshall formation shown on Figure 
12 may be questioned. In Tuscola, Bay, Arenac, and Ogemaw counties there are 
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redbeds east of the area outlined. In the description of the Coldwater formation 
the redbeds in these counties are indicated as Coldwater-lower Marshall. East of 
the area of red Marshall shown in Figure 11, the occurrence of these red zones is 
limited to strata more than 200 feet below the top of the Marshall. There are no 
red sediments in the first roo feet or more of deposits directly underlying the 
medium- to coarse-grained sandstones in the upper part of the Marshall forma- 
tion in this area. The eastern limit of Marshall redbeds shown in Figure 11 is 
therefore the extent of redbeds in the Marshall formation where this formation 
can be separated from the Coldwater formation in well samples. In those areas 
where the two formations can not be separated, it indicates the eastern limit of 
red sediments occurs less than 200 feet below the top of the Marshall formation. 
Well 17 in cross section BB’ (Fig. 6) is not included in the area of Marshall red 
sediments, because the only redbed in this well lies 470 feet below the top of the 
Marshall. 

The relationship of the red color in the Marshall formation to lower Marshall 
beds and its value as a stratigraphic marker has evoked much discussion. In some 
small areas the top of the redbeds has been identified as the top of lower Marshall. 
It was so considered by Eddy (1936, p. 4) in his study of the Crystal oil field in 
Montcalm County. Kirkham (1932, p. 137) recommended the use of the ‘“‘Lower 
Marshall or ‘red rock’ horizon” as a trustworthy datum for subsurface contour 
mapping. Prior to the publication of these reports, Newcombe (1929, p. 207) 
stated that the redbeds were not adaptable for use as a key horizon in the Sagi- 
naw oil field. 

Enough data are now available to show that a red color in the Marshall 
deposits is of little value as a stratigraphic marker from a regional point of view, 
and that the red color is not limited to lower Marshall strata. Cross section BB’ 
(Fig. 6) shows the stratigraphic range of red sediments from Oceana County 
eastward to Genesee County. Although red sediments are more characteristic of 
the lower beds, they commonly occur in the highest part of the formation in 
western Michigan. Their thickness and continuity are very irregular (wells 1, 2, 
3, and 4, section BB’, Fig. 6). The base of the red sediments does not everywhere 
coincide with the base of the Marshall formation. Any of the included cross 
sections shows one or more wells in which the color does not extend to the base of 
the sandstone. As red sediments do not occur in any constant stratigraphic 
position, it is not practical to attempt a regional separation of the lower Marshall 
sandstone from the Napoleon (upper Marshall) sandstone on a color basis. 

Landes (1944, p. 187) suggested that the division of the Marshall should be 
based on grain size rather than color in the Porter oil field of Midland County. 
There is an area in central Michigan from Roscommon County to Clinton County 
where a division of the Marshall can be made on both color and grain size. This 
area includes parts of Roscommon, Clare, Gladwin, Isabella, Midland, Gratiot, 
and Clinton counties. There is a definite lithologic change within the formation, 
consisting of a noticeable reduction in grain size in the lower part of the section 


| 3 
H 
| 
] 


662 V. BROWN MONNETT 


commonly accompanied by the abrupt occurrence of red color in these finer 
clastics. Within the area of an oil-producing structure this lithologic change 
affords an acceptable mapping horizon. The wells in Gladwin County represented 
on cross section FF’ (Fig. 5) are in an area in which the Marshall formation 
can be divided into two well defined members. , 

Extension of this division toward the west is very difficult. The red color is 
not limited to the lower part of the Marshall formation and the change in sand 
grain size does not occur at the same stratigraphic level in many places in western 
Clare, Isabella, Gratiot, and Clinton counties. The Marshall formation is litholog- 
ically similar in the other western counties of the state. In some parts of most of 
these counties the fine-grained sandstones are restricted to the lower part of the 
formation and the top of these fine-grained sandstones may be used locally as a 
stratigraphic marker. However, attempts to determine this marker over the area 
of even one county are generally unsuccessful. In Newaygo County, in Sec. 35, 
T. 11 N., R. 13 W., a well penetrated 185 feet of Marshall sandstone of which the 
top 45 feet is tan sandstone and the remaining 140 feet is red sandstone. The sand- 
stone is fine-grained throughout the section. A well in Oceana County, in Sec. 
23, T. 15 N., R. 15 W., penetrated 200 feet of Marshall sandstone. The upper 150 
feet is interbedded red and tan, fine- to medium-grained sandstone and the lower 
50 feet consists of light gray, fine- to coarse-grained sandstone. These wells show 
the lithologic variation of the Marshall formation in the western part of the 
state. It is difficult to establish a typical Marshall section in western Michigan. 
Cross section BB’ (Fig. 6) illustrates the variations in color and thickness of the 
Marshall sediments from west to east. 

Relation to Michigan ‘“‘Stray” sandstone——Another prominent feature of the 
Marshall formation northward from the outcrop area in southern Michigan is its 
irregularity of thickness. Closely associated with the irregularity of thickness is 
the indefinite nature of the top of the formation. The thickness of the Marshall in 
the area from Jackson County to Ottawa County represented in cross section GG’ 
(Fig. 10) is fairly constant and averages about 275 feet. A thinning of approxi- 
mately 100 feet occurs 20-30 miles northeast of almost any well shown in this 
cross section. This change in thickness is illustrated in the southernmost wells of 
cross section AA’ (Fig. 4). The Marshall formation in Jackson County is 300 feet 
thick, whereas 190-230 feet are recorded in Ingham and Shiawassee counties on 
the north. These figures of thickness represent the interval from the top of the 
Coldwater formation to the base of the lowest dolomite or shale of the Michigan 
formation. The sandstone above the lowest dolomite and shale of the Michigan 
formation in wells 22-25 of cross section A A’ (Fig. 4) is generally considered to be 
a “stray” sandstone of the Michigan formation. The stratigraphic relationship of 
these beds to the sandstones of the Marshall formation is one of the primary 
stratigraphic problems of the Marshall formation. It is necessary to determine this 
relationship before generalized statements regarding the thickness and occurrence 
of the Marshall formation in the western half of Michigan can be made. 
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Published opinions on the Michigan “‘Stray’’-Marshall sandstone relationship 
can be classified into two general groups. The first group considers the “stray” 
sandstones to be reworked and redeposited Marshall sediments. Bergquist (1938. 
p- 50) points out that this conception of the stratigraphy implies an interrup- 
tion in sedimentation at the close of Marshall time. Lane and Seaman (19009, 
p. 81) first suggested an unconformity at the top of the Marshall sandstone. Many 
years later, Thomas (1931, p. 490) and Kirkham (1932, p. 137) described an un- 
conformity between the Marshall and Michigan formations. Newcombe (1933, 
p. 81) enlarged upon this concept and suggested that the Michigan “Stray” 
sandstones were deposited as bars in the Michigan sea following erosion of the top 
of the Marshall formation. Stearns (1933, p. 101), Eddy (1936, p. 4), and Ball 
et al. (1941, p. 241) have expressed similar opinions. 

The second group of views on the Michigan ‘‘Stray”-Marshall sandstone 
suggests a gradational contact between the two formations with sandstones, 
shales, and dolomites interfingering in an irregular arrangement. Although Cook 
(1914, p. 64) implied that the contact between the two formations was gradation- 
al, he did not discuss the subject. Hard (1938, p. 169) introduced the concept that 
basal Michigan deposits interfingered with upper Marshall sandstones after he 
had made a comprehensive study of Michigan gas sands. He described the gas- 
bearing ‘“‘Stray”’ sandstone of the Clare, Vernon and Leaton fields as grading 
laterally inte the Napoleon sandstone, thus making the Napoleon sandstone 
stratigraphically higher in one area than another. Apparently at the same time, 
Hake (1938, p. 404) came to the same conclusion, stating that the Michigan 
“Stray” sands are fingers from the top of the Marshall or isolated lentils con- 
temporaneous with parts of upper Marshall. According to Addison (1940, p. 
1967), Michigan sediments were being deposited in one part of Isabella County 
before Napoleon sandstone deposition had ended in another part of the county 
35 miles away. 

Sufficient data are now available to justify the general acceptance of the 
views expressed by Hard and Hake on the gradational relationship of the Mar- 
shall and Michigan formations. Although there is an interfingering of the Mar- _ 
shall sandstones with the shales and dolomites in the west-east cross section 
BB’ (Fig. 6) and the north-south cross section AA’ (Fig. 4), this feature is 
best illustrated in cross section BD (Fig. 5) extending northeast from Oceana 
County into Crawford County. The end wells (1, 2, 8 and g) in this cross section 
contain 120-150 feet of Marshall, whereas wells 3 and 4 have 235 and 295 feet, 
respectively. The cause of this great difference in thickness is a lensing of the 
upper sandstones, which is shown in the wells in the central part of the cross 
section. The interfingering of the upper part of the sandstone in the northeast 
corner of Lake County (well 4) with the dolomite and gypsum deposits of the 
Michigan formation in Wexford and Missaukee counties (wells 5, 6, and 7) 
illustrates the stratigraphic relationship of the Michigan “Stray” to the Marshall 
sandstone. Correlation of the sandstone beds overlying 60 foot of dolomite, shale, 
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and gypsum in Missaukee County with the thick Marshall section in Lake County 
is evident. 

A similar relationship at the top of the Marshall formation is found in most 
of the western half of Michigan. As the change from Marshall sandstone deposi- 
tion to Michigan dolomite, shale, and gypsum deposition was gradual, some of 
the thinner sandstones included in the Michigan formation may be isolated len- 
tils deposited in the Michigan sea independent of any connection with the Mar- 
shall formation. Some of the higher and more discontinuous sandstones shown in 
the cross sections are probably of this character. It is extremely difficult to 
separate the sandstone beds completely surrounded by Michigan deposits from 
the thin fingers of sandstone continuous with the Marshall sandstones unless 
samples from closely spaced wells are available. Stearns and Cook (1932) at- 
tempted to differentiate the sandstones in the Michigan formation from those of 
the Marshall by differences in mineral composition, but were unsuccessful. The 
general area in which the Michigan ‘Stray’ sands are mostly fingers from the 
top of the Marshall is west of central Roscommon County, western Gladwin and 
Midland counties, western Saginaw, Shiawassee, and Livingston counties. 

Thickness —The thickness of the Marshall sandstone varies appreciably in 
different parts of the state. The greatest thickness occurs in a well in west-central 
Ionia County in Sec. 16, T. 6 N., R. 8 W., where 305 feet of light gray to buff 
sandstone was penetrated. The upper 210 feet of this interval consists of fine- 
to medium-grained, buff sandstone and the lower g5 feet is a very fine-grained, 
gray to buff sandstone. Where the top and base of the formation are easily identi- 
fied, the thinnest Marshall section is in a well in Newaygo County (well 3, cross 
section BB’, Fig. 6). The formation is only 130 feet thick at this locality. The 
upper 70 feet of the formation in this well consists of small- to medium-grained, 
buff sandstone which is underlain by 40 feet of fine- to medium-grained, light red 
sandstone. The basal 20 feet is composed of an upper to feet of fine-grained red 
sandstone and a lower 10 feet of fine-grained tan sandstone. 

The thickness of the Marshall formation elsewhere in the western half of 
Michigan ranges from 130 to 305 feet. It is difficult to determine an average 
thickness for the formation, because the Marshall deposits interfinger with those 
of the Michigan. Basinward from the thick sections in southwestern Michigan, 
the sandstone ranges from 230 to 270 feet in thickness in an area extending north- 
ward from central Gratiot County, through eastern Isabella and western Mecosta 
counties, and thence into Osceola County. The places in which the fingers of 
Marshall sandstone into the Michigan deposits are best developed are adjacent 
to the area outlined. The Michigan “Stray” sandstone is thickest and occurs at 
most places in the area adjacent to the thickest section of Marshall sandstone. 
This feature is illustrated in cross sections BD (Fig. 5), AA’ (Fig. 4) and BB’ 
(Fig. 6). In areas containing the Michigan “Stray” sandstone, there is generally 
150-180 feet of Marshall sandstone between the Coldwater shale and the lowest 
dolomite and shale of the Michigan formation. Overlying this interval of sand- 
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stone is the zone of interfingering Marshall and Michigan deposits which gives 
rise to the Michigan “Stray” sandstone. The thickness of the shale and dolomite 
separating the Michigan “‘Stray’”’ sandstone from the main body of Marshall 
sandstone can be as much as 50 feet. The overlying Michigan “Stray” sandstone 
reaches a maximum of 70 feet in thickness. The total thickness of the sandstones, 
shales, and dolomites from the base, of the Marshall to the top of the Michigan 
“Stray” rarely exceeds 300 feet. At most places it is about the same as the thick- 
ness of the Marshall sandstone in southwestern Michigan where no ‘“Stray”’ 
sandstone is evident. 

East of the interfingering Marshall and Michigan deposits, and west of the 
area in which the Coldwater-Marshall contact becomes indistinct, the thickness 
of the Marshall formation is remarkably uniform. The nine wells at the north 
end of cross section AA’ (Fig. 4) illustrate the occurrence of the Marshall a few 
miles east of the eastern extent of well developed Michigan ‘“‘Stray’’ sandstones. 
The thickness of the Marshall illustrated this cross section is 200 feet in Gladwin 
County. The formation thins gradually northward to 130 feet in Crawford 
County. The relationship of the thin Marshall formation in Crawford County 
to the thicker sandstones on the west is shown in cross section BD (Fig. 5). 
South of Gladwin County, in those restricted areas where the top of the Marshall 
is a definite stratigraphic horizon as it appears to be in eastern Michigan, and 
where the Marshall-Coldwater contact is easily recognized, the thickness of the 
Marshall formation averages approximately 200 feet. 

In the southern part of the state, the Marshall formation thickens toward the 
south. This thickening is shown in the southernmost wells on cross section AA’ 
(Fig. 4). An average thickness of 275 feet from Ottawa County to Jackson County 
is shown on cross section GG’ (Fig. 10). The Marshall thickness in this area is 
equal to, and is generally greater than, that of any other locality in the state 
where the base of the formation can be clearly defined. This is important, as a 
general thinning of the Marshall formation southwest was described by Lane 
and Seaman (1909, p. 81) and has been referred to by other authors (Newcombe, 
1933, P- 57; Ball et al. 1941, p. 241). These geologists compared the thickness of 
the Marshall formation in southwestern Michigan with the 500 feet of sandstone, 
shale, and interbedded red sediments in east-central Michigan, which in this 
report have been shown to be partly Coldwater in age. The reported 560 feet of 
Marshall sediments in northern Huron County (Lane, 1900, Pl. 1) also has led 
writers to the erroneous conclusion that the Marshall thins appreciably toward 
the southwest. It is shown in the discussion of the Coldwater-Marshall strata 
in northern Huron County that Lane overestimated the thickness of the Marshall 
formation in that area. 

The only area of considerable extent west of central Michigan in which the 
Marshall formation is less than 200 feet in thickness extends from the drift- 
covered outcrop in Oceana County, eastward through central Newaygo County 
and into the western edge of Mecosta County. The thickness of the Marshall 
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formation ranges from 130 to 160 feet in the center of the area (wells 1, 2, and 3, 
cross section BB’ Fig. 6). As shown by the cross section, there is very little 
sandstone above the lowest gypsum and shale of the Michigan formation. How- 
ever, toward the margin of the area in northern and southern Newaygo County, 
fingers of “Stray” sandstone are present extending from the thicker Marshall 
sections surrounding the area of thin Marshall. North, east, and south of the 
area of thin Marshall, sandstone deposits thicken in a very short distance. The 
increase in thickness of the sandstone from Oceana County northward into Lake 
County is illustrated in cross section BD (Fig. 5). The thickening toward the 
south from Oceana County is equally as great. In the southwest corner of New- 
aygo County, 240 feet of sandstone is present, which is similar to that in Ottawa 
County shown in the western part of cross section GG’ (Fig. 10). 

Several important features of the Marshall formation are brought out in the 
foregoing discussion. There is a definite thinning of the Marshall from northern 
Midland County northward through Gladwin and Roscommon counties and into 
Crawford County. The Marshall increases in thickness from Clinton County 
southward into Jackson, Calhoun, and other counties in southwestern Michigan. 
The regional thickening from the north-central part to the southern part of the 
state amounts to 160 feet. A regional southward thickening of the Marshall is 
not evident in the western part of Michigan. In the area of interfingering Marshall 
and Michigan sediments in western Missaukee, Wexford, and Lake counties, 
the thickness of the sandstones with some interbedded shale is almost equal to 
that found in counties on the south. In Jackson, Calhoun, Barry, Eaton, and 
southern Ionia counties, the thick sections of Marshall sandstone are uninter- 
rupted by dolomite and gypsum deposits and in only a few places by a thin gray 
shale. Elsewhere in central and western Michigan, excepting in an area in central 
Gratiot County, Isabella County, and eastern Mecosta County, the thick sand- 
stone sections are generally interrupted by fingers of Michigan deposits. The 
area of the thick Marshall sandstone in southwest Michigan is much greater 
than elsewhere in the state. Thicknesses of more than 250 feet are present in the 
area from Jackson County in southern Michigan into Muskegon County on the 
western side of the state. 


UPPER MARSHALL OF EASTERN MICHIGAN 


The Marshall formation of the eastern half of the Southern Peninsula differs 
from that in the western part of the state in several ways. The absence of any 
uniform criteria for separating the Marshall from the Coldwater in the area is 
mentioned in the discussion of the Coldwater. There is, however, a marked 
lithologic change in the upper part of the Marshall formation in eastern Michi- 
gan. The upper 90-160 feet of sandstone is appreciably more coarse-grained and 
more poorly cemented than the lower beds. The sandstone is nowhere red, but 
may be tan, light gray, or white. Both the stratigraphic position and the litho- 
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logic character indicate that the sandstone corresponds with the Napoleon sand- 
stone member of the Marshall formation. 

The stratigraphic relationship and lithologic character of the Napoleon sand- 
stone from western Gladwin County in the central part of the Michigan basin 
to the eastern margin of Arenac County are illustrated in cross section FF’ (Fig. 
5). The wells in Gladwin County on this cross section (wells 1, 2, and 3) are in 
an area in which the Marshall formation can be separated from the Coldwater 
formation and in which it can be divided into upper and lower members on a 
lithologic basis. Although east of Gladwin County a persistent lithologic basis for 
separating the Marshall from the Coldwater is absent, the Napoleon sandstone 
can be separated from the lower sediments. This medium-grained, loosely ce- 
mented sandstone ranges from 110 to 150 feet in thickness in the wells shown in 
cross section FF’. Coarse sand grains are commonly mixed with grains of smaller 
size near the base of this member. 

Similar occurrences of Napoleon sandstone are found in most of the eastern 
Michigan counties. The sandstone has an average thickness of 120 feet and can 
be recognized eastward from Gladwin, Midland, and Saginaw counties to the 
drift-covered outcrop area. 

The areal extent of the Napoleon sandstone westward as a separate lithologic 
unit is variable. It has been mentioned that the Marshall is divisable into mem- 
bers in parts of Clare, Isabella, Gratiot, Midland, and Clinton counties. The value 
of the Napoleon as a mappable unit is less in these counties due to its interfinger- 
ing relationship with the Michigan formation. 

No evidence was observed in the well samples from the eastern part of the 
state which indicates that the sandstones above the lowest dolomite, limestone, 
and shale of the Michigan formation are lateral extensions of Marshall sandstone. 
The Michigan sandstones in this area are commonly finer-grained and better 
cemented than the Napoleon sandstone. They are interbedded with shale, dolo- 
mite, and gypsum and are less than 20 feet thick at most places. The top of the 
Marshall in eastern Michigan, therefore, is an acceptable stratigraphic marker 
and generally can be used as a datum for structure mapping. 


COLDWATER-MARSHALL STRATA IN NORTHERN HURON COUNTY 
INTRODUCTION 


The stratigraphy in northern Huron County is discussed separately because 
the lithologic character of the Marshall and upper Coldwater beds in this area 
is somewhat different from that elsewhere in the state. The two main problems are 
the correlation of the outcrops along the shore of Lake Huron and the location 
of the Coldwater-Marshall contact. A brief description of the outcrops is first 
given, followed by a correlation of the outcrops based on subsurface information. 
The regional dip is southwest in Huron County and the outcrops are described 
from west to east, or in general from the top of the Marshall formation to the 
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base. The outcrops are discussed in this sequence in order to start with known 
Marshall rocks and proceed to beds which are of questionable Marshall age. 


OUTCROPS 


The uppermost beds of undoubted Marshall sandstone crop out on the north 
and south sides of Rush Lake, inland from Little Oak Point (Fig. 12). The best 
exposure is in an abandoned quarry between an old east-west road and the pres- 
ent road in Sec. 15, T. 18 N., R. 11 E. Although the lower 5 feet of strata is 
covered with water, about 14 feet of medium- to coarse-grained, very friable 
sandstone, speckled throughout with limonite, is exposed in the quarry. With the 
exception of the top 3 feet of thin-bedded strata, the beds are massive and cross- 
bedded. Lane (1900, Pl. 1) assigned the strata at Babbitt quarry to the middle 
part of the Napoleon sandstone. 

East of the Rush Lake exposures, the first outcrop of the sandstone along the 
shore line is at Hat Point in Sec. 7, T. 18 N., R. 12 E. Twelve feet of fine- to coarse- 
grained, cross-bedded sandstone is exposed. Streaks of small quartz pebbles and 
flakes of black carbonaceous material occur in the rock. The color ranges from 
buff to greenish gray. Lane (1900, p. 19) assigned this sandstone to the base of 
the Napoleon. 

Two miles inland from Hat Point, about to feet of sandstone is exposed along 
Taft Drain in the NE. } of Sec. 20, T. 18 N., R. 12 E. The rocks exposed range 
from very fine-grained, green sandstone to coarse-grained, tan sandstone. The 
different lithologic types grade into one another vertically and laterally. A small 
exposure of fine- to medium-grained, greenish tan, non-fossiliferous sandstore is 
found in the bed of the small creek near the center of Sec. 5, T. 17 N., R. 12 E. 

East of Hat Point is an outcrop which was not available to the early geologists. 
The exposure is the result of grindstone quarry operations which began at this 
locality after Lane (1900) had completed his field work in Huron County. The 
quarry is southwest of Hardwood Point on both sides of the present highway in 
Sec. 2, T. 18 N., R. 12 E., and exposes about g feet of strata. The upper 7 feet 
is thin-bedded, grayish green, very fine-grained sandstone, but the lower 2 feet 
is more massive. The latter is underlain by a more massive sandstone, as indi- 
cated by the thick large slabs lying around the pit. There are small pebble zones 
an inch or two thick throughout the sandstone, but they disappear laterally over 
a distance of a few yards. There also are some larger individual pebbles scattered 
throughout the very fine-grained sandstone which was used for grindstones. 
Large fragments of brown, pebbly conglomerate which resembles peanut brittle 
candy are found on the north side of the road. Lane (1900, p. 19) applied the 
term “peanut conglomerate” to rock of identical appearance occurring near 
Grindstone City. 

A few feet of very thin-bedded, fine-grained, greenish to reddish sandstone 
are exposed at Hardwood Point, one mile northeast of the grindstone quarry 
previously mentioned. The rock is lithologically very similar to the sandstone 
from which grindstones were cut. Winchell (1861, p. 80) noted that the sandstone 
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at Hardwood Point contained fossils which are characteristic of the “Marshall 
group.” The strata at this locality appear to have a northeast dip. 

The shore of Lake Huron is barren of rock ledges from Hardwood Point to 
Flat Rock Point (Fig. 12). A medium- to coarse-grained, light gray sandstone 
crops out along the shore from Flat Rock Point to Port Austin. The sandstone is 
massive and cross-bedded and is ordinarily soft. There are many seams of small 
pebbles throughout this sandstone which disappear laterally. There are ap- 
proximately 25 feet of sandstone exposed. At Broken Rocks, } mile west of Port 
Austin, the sandstone has been broken into huge blocks by joints which give the 
shoreline a very distinctive appearance. East of Broken Rocks the massive sand- 
stone is succeeded by thin-bedded, greenish to reddish, fine-grained sandstone 
rising only a foot or two above the water. The fine-grained sandstone is the 
easternmost outcrop west of Port Austin. There is a great similarity between this 
sandstone and that at Hardwood Point. The sandstone is capped by a band of 
“peanut conglomerate” 8 inches thick. 

Inland from Flat Rock Point, in the NE. 3, NW. } of Sec. 36, T. 19 N., R. 11 E., 
recent removal of 2 feet of top soil over an area of approximately 300 square feet 
has exposed fine-grained, tan to reddish tan, very thin-bedded sandstone in 
which a few fossils were found. 

South of Port Austin, a hill rises above the surrounding country to the highest 
elevation in this part of Huron County. Although no bedrock was seen, slabs of 
sandstone are abundant over the entire hill. At the top of the hill the slabs consist 
of medium- to coarse-grained, grayish white to tan sandstone. Fragments of a 
fine-grained, green to tan sandstone are on the flanks of the hill. 

The sandstone cliffs at Pointe aux Barques are the first outcrops east of 
Port Austin. These cliffs rise 19 feet above Lake Huron and are composed of 
sandstone very similar to that found west of Port Austin. It is massive, cross- 
bedded sandstone with grain sizes ranging from fine to coarse. The sandstone is 
light gray to buff, friable and porous. It occupies about { mile of the shoreline 
in the vicinity of Pointe aux Barques. These beds appear to have a slight dip 
southwest which Winchell measured as 13°. 

Eastward from Pointe aux Barques no bedrock is exposed along the lake shore 
to the vicinity of Eagle Bay. Near the center of Sec. 23, T. 19 N., R. 13 E., the 
“grindstone” beds come to the surface. Lane (1900, p. 21) describes the interval 
from the base of the sandstone at Pointe aux Barques down to the grindstone 
beds as being composed of beds which ‘“‘become gradually thinner and finer 
grained ... until finally we have a little blue shale, and... narrow seams of 
calcareous sandstone covered with Camarotaechia (Rhynconella) camerifera and 
Romingerina (Centronella) julia.” The fossil zone referred to by Lane is found on 
the north side of the east-west road, extending through the center of the E. } of 
Sec. 26, T. 19 N., R. 13 E. The rock containing these fossils is 3 feet of calcareous, 
well cemented, very fine-grained, gray to brown sandstone cropping out about 200 
feet east of the intersection of this road and a north-south road extending through 
the center of the section. 
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East of Burnt Cabin Point in Sec. 23, T. 19 N., R. 13 E., the fine-grained, 
greenish sandstone which was quarried so extensively for grindstone purposes 
prior to 1900 crops out along the shore intermittently more than 2 miles. Lane 
(1900, p. 22) estimated this sandstone to be 25 feet thick. These beds occupy 
the shoreline more or less continuously until they grade downward into blue- 
gray shale in the shore cliffs in Sec. 30, T. 19 N., R. 14 E. (Fig. 13). It is at the 
top of this shale that Lane (1900, p. 22) placed the Coldwater-Marshall contact. 

Immediately overlying the grindstone beds, according to Lane (1900, p. 21), 


Fic. 13.—Interbedded sandstone and shale underlying “‘Grindstone’”’ beds 
along shore of Lake Huron, Huron County, Michigan. 


is a “peanut conglomerate.” This conglomerate was not found in place either 
at the quarries or on the lake shore, but fragments are numerous and its position 
as described by Lane is not questioned. 

The sandstone which was used as grindstone is a very fine-grained, greenish 
sandstone occurring in beds one inch to a foot in thickness. Large rounded quartz 
pebbles which caused the grindstone makers considerable trouble are scattered 
throughout most of the sandstone. The sandstone is moderately hard and the 
crushed samples show it to be somewhat argillaceous. All of the deeper quarries 
are now filled with water, but an examination of discarded quarried blocks from 
the sandstone suggests that there are no lithologic differences between the top 
and the bottom of the grindstone beds. 

The only remaining exposures in Huron County which have been described 
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by other workers in connection with the outcrops described are those found along 
Willow River in T. 18 N., R. 14 E. The outcrops are more or less continuous 
from Huron City upstream through Sections 4 and g, where alternating beds of 
sandstone and shale are exposed, with the sandstone predominating. Twenty-five 
feet upstream from the highway bridge at Huron City and ro feet above the creek 
bottom is a very fossiliferous, fine-grained shaly tan sandstone. 

Sand grain size and color has been emphasized in the discussion of the sand- 
stones cropping out in northern Huron County. Excepting for these two features, 
there is little lithologic difference in the various sandstones. Neither the coarse 
nor the fine sand grains have frosted surfaces. The roundness of the grains varies 
slightly with the size, the coarser grains being more rounded than the finer. 
Most of the binding material is both argillaceous and ferruginous. although 
some zones in the sandstones.are calcareous. 

Thin sections were made of samples of sandstone collected at Hat Point, 
Pointe aux Barques, and at a grindstone quarry near Grindstone City. The min- 
eral composition in these thin sections is almost identical. Quartz, chert and frag- 
ments of mica schist are the main components of the sandstones. Approximately 
95-per cent of the rock fragments in each slide is composed of quartz and chert. 
Tourmaline and zircon occur in small amounts. A low feldspar content is charac- 
teristic of the rocks. A few fragments of orthoclase and plagioclase feldspar are 
present in the sandstone, but their abundance does not surpass that of biotite, 
chlorite, sericite, apatite, or ilmenite. 


CORRELATION OF OUTCROPS 


The correlation of the outcrops described has been a subject of contention 
since the publication of Winchell’s original description (1861, pp. 80-83) of the 
strata cropping out along the north shore of the county. Rominger (1876, p. 
75) objected to Winchell’s idea that stratigraphically the sandstones were suc- 
cessively lower from west to east along the shore. He believed that most of the 
sandstones were at about the same stratigraphic level. 

The most detailed geologic study in Huron County was made by Lane (1900). 
After a thorough investigation of the data from water wells and an examination 
of practically all of the outcrops in Huron County, Lane expressed the opinion 
that Winchell’s original interpretation of the relationship of the sandstone beds 
cropping out along the shore of Lake Huron was correct. He (Lane, 1900, PI.1) 
compiled a detailed stratigraphic column showing 560 feet of Marshall strata, 
of which 300 feet is classified as Napoleon. 

Because of the absence of a stratigraphic marker in the Marshall and Cold- 
water sediments which could be used as a horizon for mapping the structure of 
this area, Lane was greatly handicapped in securing accurate data on the amount 
of folding of these beds. Although subsurface data are still not plentiful in Huron 
County, a sufficient number of wells have now been drilled through the base of 
the Coldwater to permit a much better understanding of the succession of beds 
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in the Marshall and Coldwater formations. A solution to the northern Huron 
County stratigraphic problem based on subsurface data almost entirely is pre- 
sented in the following paragraphs. It differs from both the Winchell-Lane inter- 
pretation and the Rominger concept, but it is a compromise of the two. 

The problem is primarily one of structure, as correlation of the individual 
beds is much less difficult when the structure is understood. The structural con- 
tours shown in Figure 12 are on the base of the Coldwater formation, which rests 
on the Sunbury black shale in Huron County. The largest structural anomaly in 
this area is the anticlinal fold and associated syncline in the northernmost part 
of the county. The elevation of the base of the Coldwater on the crest of the 
anticline is more than 125 feet above the elevations on the northeast and south- 
west. The northwest extension of the fold into Saginaw Bay is indicated by the 
increasing influence of the fold on the structure contours from southeast to 
northwest. It appears certain that the fold must involve some of the shoreline 
outcrops. The syncline on the northeast can not be outlined as accurately as the 
anticline due to insufficient data. Its presence is unquestioned, however, as the 
dip on the northeast flank of the anticline must revert to the southwest regional 
dip in this area. Lane (1900, p. 92) recognized a northeast dip between Hardwood 
Point and Flat Rock Point, but he minimized the importance of the dip. Struc- 
tural control points in the synclinal area are obtained from very incomplete data 
of old Berea brine wells. In a well very close to Flat Rock Point in Sec. 25, T. 
19 N., R. 12 E., and in a second well approximately 2 miles east in Sec. 29, T. 19 
N., R. 13 E., the Berea sandstone was penetrated at depths greater than 500 
feet below sea-level. As the average thickness of the Sunbury, which separates the 
Berea from the Coldwater, is approximately 100 feet, the base of the Coldwater 
is between 400 and 460 feet below sea-level. Another abandoned Berea brine 
well near Grindstone City, in Sec. 25, T. 19 N., R. 13 E., apparently is on the 
northeast flank of the syncline. The base of the Coldwater is approximately 320 
feet below sea-level in this well. 

The effect of this anticline and syncline on Winchell’s and Lane’s correlation 
of the outcrops along the shoreline is obvious. There are four general outcrops 
of coarse-grained sandstone along the north side of Huron County (Fig. 14): 
(1) near Little Oak Point in Sec. 15, T. 18 N., R. 11 E., (2) Hat Point in Sec. 7, 
T. 18 N., R. 12 E., (3) Flat Rock Point to Port Austin, and (4) Pointe aux 
Barques. The coarse-grained sandstone at Flat Rock Point-Port Austin appears 
to be correlative with the sandstone of identical character at Pointe aux Barques. 
This sandstone occurs approximately 1,000 feet above the base of the Coldwater 
and is 25 feet thick. Shale, sandy shale, and the fine-grained, greenish sandstone 
from which grindstones were cut underlie this coarse-grained sandstone. The 
grindstone beds in the vicinity of Grindstone City are the same strata which 
were quarried southwest of Port Austin in Sec. 2, T. 18 N., R. 12 E. Lane’s 
(i900, Pl. 1) measured interval of 40 feet between the base of the Pointe aux 
Barques sandstone and the top of the grindstones is not questioned. The fine- 
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grained sandstone with interbedded shale cropping out at Hardwood Point is 
characteristic of the zone between the coarse-grained sandstone of Pointe aux 
Barques and the main grindstone zone. 

Tf these correlations are correct, the 95 feet of sediments in Lane’s strati- 
graphic column (1900, Pl. 1) between the Port Austin coarse-grained sandstone 
and the Pointe aux Barques coarse-grained sandstone is a repetition of beds due 
to folding. The question then arises whether the coarse-grained sandstone at 
Hat Point west of the anticline is correlative with the Flat Rock-Port Austin- 
Pointe aux Barques sandstone as Rominger (1876, p. 74) suggested. Data ob- 
tained from a well recently drilled within a mile of Hat Point show the improb- 
ability of this correlation. The base of the Coldwater lies 520 feet below sea-level 
in this well, or approximately too feet lower than at Port Austin and Pointe aux 
Barques. The surface elevation along the north shore of the county where the 
outcrops under discussion occur is approximately 600 feet (water level = 581 + feet). 
The sandstone at Hat Point is therefore about 1,100 feet above the base of the 
Coldwater, whereas the Port Austin-Pointe aux Barques sandstone is 1,000 feet 
above this datum. It appears that Lane was correct in separating the Hat Point 
sandstone from the Port Austin sandstone. His stratigrapnic column (Lane, 1900, 
Pl. 1) shows an interval of 85 feet between the two. 

The most western exposure of these coarse-grained seid in northern 
Huron County is in the abandoned Babbitt quarry near Little Oak Point in 
Sec. 15, T. 18 N., R. 11 E. There is general agreement that this sandstone be- 
longs to the Napoleon. Although control for structural contours is meager in this 
area, the base of the Coldwater is estimated to be about 700 feet below sea-level, 
and as the elevation of this outcrop is approximately 600 feet above sea-level, 
the sandstone is slightly more than 1,300 feet above the base of the Coldwater. 

Lane (1900, p. 19) assigned a thickness of 300 feet to the Napoleon sandstone 
on the assumption that the drift-covered outcrop extended from Babbitt quarry 
to Hat Point, a distance of nearly 4 miles. He wrote, however, ‘‘the thickness 
of 300 feet above mentioned is not obtained directly, and may include, as did 
Winchell, some of the bluish micaceous sandy shales which we have estimated in 
the overlying group.” It is apparent from the subsurface information now avail- 
able that the thickness of the Napoleon sandstone rarely exceeds half of this 
amount. Lane (1900, p. 19) noted a thickness of Napoleon of 135 feet at Bayport 
in Sec. 5, T. 16 N., R. 10 E., and of 110 feet at Pigeon in Sec. 11, T. 16 N., R. 10 E. 
Other wells penetrating a complete section of Napoleon in Huron County show 
an average thickness of 120 feet. Until a well is drilled which proves a great 
thickening of the upper Marshall sandstone in the area between Babbitt quarry 
and Hat Point, it appears most logical to accept the available subsurface data 
on the thickness of the Napoleon sandstone in Huron County. 

An interpretation of the stratigraphy along the north shore of Huron County 
based largely on subsurface data may be summarized as follows. There are three 
coarse-grained, cross-bedded, poorly assorted sandstones. The lowest is the 25 
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feet of sandstone cropping out between Flat Rock Point and Port Austin, and 
at Pointe aux Barques. This sandstone is 1,000 feet above the base of the Cold- 
water. The second sandstone, lithologically identical, occurs 80-100 feet above 
the lowest sandstone. There is 15 feet of this sandstone exposed at Hat Point. 
The third and uppermost coarse-grained sandstone is the Napoleon, which is 
exposed near Little Oak Point. The thickness of the Napleon sandstone is as- 
sumed to be 120 feet with its base 1,200 feet above the base of the Coldwater. 
Shale, sandy shale, and fine-grained sandstone separate the three coarse-grained 
sandstones. The total thickness of the section from Little Oak Point to the base 
of the grindstone beds at Grindstone City is about 350 feet. 


COLDWATER-MARSHALL CONTACT 


Correlation of the strata from Little Oak Point to Grindstone City in Huron 
County with the Marshall formation elsewhere in the state has been accepted 
since Winchell’s original study. It has been demonstrated that it is extremely 
difficult to separate the Marshall from the Coldwater in the eastern part of the 
Southern Peninsula on subsurface data. The value of a separation based on the 
present surface information is questionable. In order to include all of the sand- 
stones from Little Oak Point to Grindstone City in the Marshall formation, it is 
necessary to assume that the Coldwater is less than 1,000 feet thick in northern 
Huron County. As previously noted, however, a regional thickening of the Cold- 
water occurs from the west to the central part of the state and a thickening of 
the Coldwater-lower Marshall interval foward the east takes place in Arenac 
and Iosco counites. A thickening of the Coldwater-lower Marshall interval north- 
eastward from Tuscola County also is indicated by a comparison of wells in 
Tuscola County with those in western Huron County. Wells 3, 4, and 5 (cross 
section CC’ Fig. 7) in Tuscola County show a combined Coldwater-Marshall 
thickness of 1,225-1,250 feet including approximately 110 feet of Napoleon 
sandstone. In Huron County this interval is 1,325 feet in wells in Sec. 4, T. 15 N., 
R. 11 E., and in Sec. 28, T. 17 N., R. 10 E., with the thickness of the Napoleon 
remaining constant. 

The well samples available to the writer are inadequate for accurate tracing 
of the coarse-grained sandstones of northern Huron County southwest into 
Tuscola County, where they lens out or become fine-grained. A well in southern 
Huron County in Sec. 32, T. 15, T. N., R. 12 E. (well 6, cross section CC’, Fig. 7) 
is the northeasternmost well in this area from which samples are available through 
almost the entire Coldwater-Marshall sequence. The lowest medium- to coarse- 
grained sandstone in this well is about 950 feet above the base of the Coldwater. 
It probably is the Pointe aux Barques-Port Austin sandstone, which is estimated 
to be 1,000 feet above the base of the Coldwater in northern Huron County. 

In view of the fact that no reliable means for separating the Coldwater from 
the lower Marshall deposits have been recognized in this study, it is impossible 
to state that the thickening of the Coldwater-Lower Marshall strata eastward 
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into Huron County is limited solely to beds of Marshall age or to beds of Cold- 
water age. It seems unlikely, however, that the Coldwater in northern Huron 
County is less than 1,000 feet thick. Thicknesses greater than 1,000 feet occur 
throughout central Michigan from Kalkaska County to Jackson County and the 
Coldwater formation should thicken eastward toward the sandy, near-shore 
facies. It appears advisable to refer to the strata cropping out along the shore of 
Lake Huron eastward from Hat Point as Coldwater-lower Marshall until fur- 
ther information is available. 


MICHIGAN FORMATION 


The Michigan formation consists of the beds of shale, limestone, dolomite, 
gypsum, anhydrite, and sandstone that overlie the Marshall sandstone. Basal 
Michigan sediments are generally gray shale or gray to brown dolomite, although 
gypsum and anhydrite beds may be only a few feet above the Marshall sandstone 
in the western part of the state. 

The most distinctive rocks of the formation are the gypsum and anhydrite. 
They occur throughout the entire Michigan strata in varying stratigraphic posi- 
tions and amounts. Although in some places well samples representing a vertical 
distance of 40 feet are composed mostly of gypsum, it is difficult to trace any par- 
ticular bed laterally for more than a few miles. The gypsum commonly grades 
laterally into shale and occurs at most places interbedded with shale. Gypsum 
and anhydrite are most abundant in the lower part of the formation (Newcombe, 
1933, P- 57) and are most common in the western part of the state. 

A bed of brown crystalline dolomite in the lower part of the formation has 
been frequently used as a stratigraphic marker in central Michigan (Hard, 1938, 
p. 136). Hard (1938, p. 137) noted that there is very little sandstone above this 
dolomite, but below the bed at varying distances is the ‘‘Stray”’ sandstone. 

Although not a common feature of the Michigan formation, beds of odlitic 
limestone were penetrated in a well in Sec. 33, T. 25 N., R. 3 W., in Kalkaska 
County, and in a second well in Sec. 35, T. 16 N., R. 3 E., Bay County. Elsewhere 
the limestones of the Michigan formation are gray to buff, very fine-crystalline 
rocks which are dolomitic at many places. 

The thickness of the Michigan formation varies considerably over the state. 
Newcombe (1933, p. 58) wrote, “The formation may be locally absent but 
generally it is from 50 to 550 feet thick,” Hard (1938, p. 136) reported thick- 
nesses ranging from 250 to 400 feet in the central part of the state. According to 
Bergquist (1938, p. 49), the formation generally thins toward the margin of the 
Michigan basin. 

AGE AND CORRELATION 


Winchell (1870) terminated his publications on the “Marshall group” with 
an extensive discussior: of the age and correlation of the strata. In this report he 
included an excellent review of publications pertaining to the subject as well as 
definitely stating his beliefs about Marshall “equivalents” elsewhere in the 
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United States. After listing 416 species of fossils from the Marshall ‘‘and its 
supposed equivalents,” and indicating the states in which they are found, he 
(Winchell, 1870, pp. 396-97) concluded, 

With such an extended network of identifications, and with long lists of representative 
species which I forbear to cite, I believe it will be admitted that the several formations 
brought under comparison must have been accumulated in one geological period. Let it 
now be distinctly stated what are the formations which are thus synchronized. They are 
as follows: 


1. The Marshall Group of Michigan. 

2. The Gritstone and Waverly series of Ohio, down to the Chocolate Shales. 

3. The Goniatite Limestone of southern Indiana, and its equivalent sandstone in northern 
Indiana. 


4. The Kinderhook Group of Illinois. 

5. The Yellow Sandstone series of Iowa, at least down to the bluish sandy shales. 

6. The series known in Missourias the Chouteau Limestone, the Vermicular Sandstone and Shale, 
and the Lithographic Limestone. 

7. The Silico-bituminous Shales at the base of the Silicious Group of Tennessee. 

Winchell (1870, p. 415) stated that the age of these strata is the ‘Upper part 
of Catskill Group including ‘Carboniferous’ conglomerate and ‘Chemung’ con- 
glomerate.” 

Winchell’s correlation of the Marshall with Kinderhook strata has been 
generally followed by Michigan geologists (Lane, 1895, p. 19; Lane and Seaman, 
1909, p. 79; Smith, 1912, p. 29). Perhaps the greatest deviation from Winchell’s 
suggested correlations is shown in a correlation chart by Newcombe (1933, p. 50). 
The latter places the Coldwater and Marshall strata of Michigan and the upper 
part of the Waverly of Ohio in the Osage group, whereas the Rockford and Chou- 
teau are shown to be of Kinderhook age. Ballard (1938, p. 1521) repeated this 
correlation in his Mississippian correlation diagram for central United States. 

A copy of the first revision of the Geological Society of America ‘Mississippian 
Correlation Chart” (dated April 10, 1945) was made available to the writer by 
J. M. Weller. Coldwater and lower Marshall strata are shown on this chart in 
the upper part of the Kinderhook series with the Napoleon sandstone (upper 
Marshall) in the basal part of the Osage group. The Rockford limestone of 
Indiana, the Chouteau limestone of Missouri, the lower part of the Cuyahoga 
formation of the Waverly group of Ohio, and the larger part of the Coldwater 
shale are shown in approximately the same stratigraphic position in the upper 
Kinderhook series. 

G. M. Ehlers, paleontologist at the University of Michigan, noted a similarity 
of some goniatites in the Marshall sandstone to certain species in the Rockford 
limestone of Indiana. He recently sent some of these Marshall specimens to A. K. 
Miller at the State University of Iowa for identification, as Miller (1935, pp. 434- 
35) had previously suggested that the Marshall was correlative with the Rock- 
ford and was Kinderhook in age. In a letter dated April 17, 1947, to Ehlers, 
Miller wrote that “the Marshall sandstone goniatites are so close to those of 
the Rockford limestone that the two formations are almost certainly correlative.” 

As the Rockford limestone is the name since given to the ‘“‘Goniatite group of 
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southern Indiana” referred to by Winchell, this confirms the correlation made 
by Winchell in 1870. There seems little doubt that the Marshall formation is 
Kinderhook in age and should be correlated, in part at least, with the Rockford 
limestone and its equivalents in other states. 


STRUCTURAL GEOLOGY 


The base of the Coldwater formation is the youngest stratigraphic surface 
in Michigan on which structural contours can be drawn with accuracy over the 
greater part of the Lower Peninsula. The top of the Coldwater lends itself to this 
purpose in the west half of the state, but not in the east half, due to the indefinite 
Marshall-Coldwater contact. The top of the Marshall can be contoured ac- 
curately in the east half of the state but not in the west. Lateral lithologic changes 
cause the beds younger than Marshall to possess no well defined stratigraphic 
marker that is of value for regional mapping, although a few of these younger 
beds provide satisfactory markers in some parts of the state. 

The structure of the rocks in the Southern Peninsula of Michigan at the base 
of the Coldwater formation is shown in Figure 15. Although the maximum struc- 
tural relief exhibited on this surface approaches 2,700 feet, this figure does not 
represent the total relief originally, as older beds continue to rise beyond the 
limits of the Coldwater formation around the margin of the basin. 

Regional dip into the center of the Michigan basin on the base of the Cold- 
water averages 20-25 feet per mile. Variations in dip both greater and smaller 
may be measured in almost any part of the state. 

As shown in Figure 15, the deepest part of the structural basin lies in the 
southern Clare-Gladwin County area. Reflection of the structure in older beds 
by the base of the Coldwater is evident in the comparison of Figure 15 with 
structure-contour maps based on lower stratigraphic units. Cohee and Under- 
wood (1945) show the deepest part of the basin, as revealed by structure contours 
on top of the Dundee-Rogers City sequence, to be in the almost identical area. 
In a study of the Salina and Bass Island rocks in Michigan, Landes (1945) 
designates this same area as the center of the basin. 

The largest anticline contained within the limits of the Michigan basin is 
the Howell anticline trending northwest through Livingston County in the south- 
east part of the state. The structure may be described as an asymmetrical anti- 
cline plunging northwest with faulting on the steeper southwest side. This fault- 
ing has been described by Newcombe (1933). Cohee and Underwood (1945) report 
the recognition of a fault in a well located on the anticline in the central part of 
Livingston County. The maximum elevation of the base of the Coldwater on the 
Howell anticline amounts to 770 feet above sea-level near the center of Livingston 
County. The minimum elevation of this horizon in the vicinity of the structure 
may be taken as 1,000 feet below sea-level. 

With the exception of the Howell anticline, the larger structural irregularities 
of the Michigan basin seem to be confined to the northeast part of the Southern 
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Peninsula, especially in the vicinity of Saginaw Bay. From the east-west trending 
syncline in Tuscola County north to Oscoda County the beds have been folded 
appreciably and the general basin character of the rocks is greatly obscured. 
Three northwest-southeast anticlinal trends are recognized in.Ogemaw and Are- 
nac counties in ew échelon arrangement. Dips as steep as 200 feet per mile are 
encountered locally. Closure on the higher parts of these folds may be found to 
reach 175 feet. Other structurally high areas of less definite outline and magnitude 
are found in Bay and Tuscola counties immediately south of Saginaw Bay. 

Saginaw Bay itself presents an area in which speculation as to structure is 
most interesting, especially to the petroleum geologist. Anticlinal trends from 
the northwest in Arenac County should extend southeastward into the bay. The 
beds on the north limb of the Bay-Tuscola syncline continue to rise on the north 
with no indication of a dip reversal. This reversal and the resulting anticline must 
occur under the bay. It thus appears possible that the structure of the rocks un- 
derlying Saginaw Bay is more complicated than indicated on earlier maps. 

The largest, most definite fold trending east and west in the state is the syn- 
cline occupying central Tuscola County and southeast Bay County. It is bounded 
on the north by an anticlinal ridge of approximately the same extent and direc- 
tion. Closure of the contours on the west end of the syncline appears to be the 
most logical interpretation of structure on the base of the Coldwater formation, 
although structure maps on lower formations do not exhibit this closure. 

The larger folds in the central part of the basin exhibit a general northwest- 
southeast trend. Closures approaching 150 feet are shown on the base of the 
Coldwater in this area. Other anomalies in the structural basin of Michigan are 
of more indefinite size and trend. They are distributed in an apparently unrelated 
arrangement throughout western and southwestern Michigan, usually appearing 
as local variations in direction of the 100-foot contours (Fig. 15). Closure of a 
contour around the structures, as in the northwest corner of Barry County, de- 
pends on the stratigraphic horizon on which the contours are based, as well as 
the number of control points available. 


HISTORICAL GEOLOGY 
COMPILATION OF EVIDENCE 


A geologic history of Marshall time can be constructed from a consideration 
of the following pertinent information. 

1. Character of Coldwater depositional basin ——The Coldwater basin of depo- 
sition was an area of marine sedimentation in which mud and carbonate material 
were being deposited in the deeper and quieter waters covering the western part 
of Michigan. In the eastern part of the state, mud and coarser clastics accumu- 
lated, indicating that the area was much nearer the shore of the Coldwater sea. 
The relatively uniform lithologic character of the Coldwater sediments from bot- 
tom to top in any area indicates that from the beginning to the end of Coldwater 
time conditions remained fairly uniform excepting in the extreme near-shore area 
in the east. 
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2. Absence of unconformity between Coldwater and Marshall strata—It is 
emphasized in the discussion of the Coldwater formation that the source of the 
sediments during Coldwater time was at the east and lower Marshall deposition 
was so similar to that of the upper Coldwater that the accumulation of sediments 
in the eastern part of the state must have been continuous from Coldwater into 
Marshall time. Although in the western part of Michigan there is generally a 
marked change from Coldwater shale to Marshall sandstone, this change in sedi- 
ments is largely an increase in the grain size of clastics and does not indicate an 
unconformity. 

3. Lithology of Marshall sediments——The sandstones and siltstones of the 
Marshall apparently were deposited in a shallow sea which frequently was dis- 
turbed in its entire area by waves and currents. The Marshall sediments are 
generally fairly well sorted locally, but lateral gradations in grain size are common 
throughout the sandstones. Areas near the center of the state, in which gray and 
red silt accumulated, were probably places in which there was less agitation of 
the water due to the greater depth. 

Red sediments were carried into the Marshall sea during early Marshall time 
from the land areas on the east and west. It is probable that by the middle of 
Marshall time, very little red sediment was coming into the depositional area. 
The fine red silts brought in during early Marshall time were intermittently 
shifted around over the sea floor in some areas in the west in Michigan through- 
out later Marshall time. 

4. Present areal distribution of redbeds in Marshall formation.—It is the writer’s 
belief that the present areal distribution of redbeds in the Marshall formation has 
little bearing on the depositional history. The red colors are absent near the out- 
crops of the formation in southern and eastern Michigan and in the areas adja- 
cent to the large anticlines in Shiawassee, Bay, and Arenac counties. This fact 
leads to the hypothesis that the red color has been destroyed by reduction and 
subsequent leaching where the beds are relatively near the surface, therefore, 
that the redbeds were originally much more widespread. If this thesis is correct, 
the present areal distribution of red color is due to processes in operation after 
the present structure of the Michigan basin was established. 

5. High feldspar content of sandstone in southwestern Michigan.—The high 
feldspar content of the sandstones in southwestern Michigan is probably the 
best indication of a western source of sediments during Marshall time. It is very 
improbable that these feldspars came from the east as the feldspar content in 
the sandstone of eastern Michigan does not equal that of the sandstones on the 
southwest. The determination of a western source of sediments during Marshall 
time is not an entirely new concept, nor is it based solely on the petrographic 
studies described in this report. Stearns (1933) made a study of the minerals of 
the Marshall sandstone and concluded that the sandstones in western Michigan 
were closer to their source than those in eastern Michigan were to their source. 

6. Absence of thinning of sandstone on south and west, excepting in local areas, 
and thinning toward north-central part of state-—The variations in thickness of 
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the sandstone strata do not offer much information regarding the depositional 
area. The beds of sandstone do not reflect the basin-like character of the area of 
deposition as do the Coldwater sediments. The thickest sandstones occur near 
the western, southern, and eastern margins of the present basin, but the sand- 
stones in the west-central part of the basin are almost as thick. Irregularities in 
thickness of sandstones are to be expected, as less sand would accumulate in 
topographically high areas in a shallow sea than in adjacent lower areas. The 
area of thin Marshall in Oceana and Newaygo counties probably was relatively 
high on the floor of the Marshall sea. The area of thin Marshall in north-central 
Michigan is interpreted as an area of regional thinning toward the north, as the 
Marshall gradually decreases in thickness toward this area from the center of the 
state. 

7. Absence of any uniform and widespread basis for dividing Marshall forma- 
tion.—The impossibility of dividing the Marshall formation into two members 
is mentioned here to emphasize the opinion that the 130-300 feet of sandstone 
and siltstone accumulated under approximately the same conditions throughout 
the greater part of the state. Local influences, such as the topography of the sea 
floor, caused differences in sedimentation in some areas. 

8. Nature of Marshall-Michigan contact.—The interfingering of the sandstones 
of late Marshall time with the shales and dolomites characteristic of the Michigan 
formation in the western half of the state is interpreted as indicating the absence 
of an unconformity between these two formations. Although an interfingering 
relationship of the Marshall and Michigan deposits is not evident in eastern 
Michigan, the two formations are considered to be conformable. 

9. Type of deposits in Michigan formation.—The type of deposits in the Michi- 
gan formation are of particular importance in developing a history of Marshall 
time. The gypsum, anhydrite, limestone, and dolomite interbedded with gray 
shales and siltstones which overlie the Marshall formation are indicative of a 
change in climate and of a change in the conditions of deposition. 


SEQUENCE OF EVENTS 


The sea in which Coldwater sediments were deposited was of large extent. 
The area receiving the sediments was a large marine area with coarser clastics de- 
posited in the near-shore area on the east and finer clastics and carbonates de- 
posited farther seaward, away from the eastern source. 

Marshall time was introduced by crustal movements both in the basin area 
and in the adjacent land areas, particularly on the west. The crustal movements 
resulted in the gentle uplift of granitic rocks in the Wisconsin Highland area, 
which then became an important source of sediments for the Michigan basin for 
the first time during the Mississippian epoch. The first sediments from this area 
to reach Michigan were fine-grained, red and buff sands which were deposited on 
the Coldwater shales. This change in the type of sediments being deposited in 
western Michigan marks the beginning of Marshall deposition. 
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In the eastern part of the state there was no sudden change in the type of 
deposits as the lower Marshall sediments were from the same source and of the 
same lithologic character as the near-shore facies of the Coldwater formation. 
The presence of conglomerate and coarse sandstone beds in the upper Coldwater- 
lower Marshall sediments probably signifies a gradual rise of the land surface on 
the east, resulting in a westward movement of the eastern shoreline of the sea. 
Throughout Marshall time the basin of deposition was becoming smaller and 
smaller due to the elevation of the surrounding land areas. This was accompanied 
by increasing aridity. 

By the middle of Marshall time what had previously been a large depositional 
basin throughout Coldwater time, was a shallow-sea area with an irregular floor 
which was subject to wave and current action. The granitic rocks on the west 
continued to rise and most of the streams flowing eastward from this area were 
subject to frequent changes in volume and velocity as are the streams character- 
istic of arid and semi-arid regions. The coarsest material was deposited between 
the granitic area and the western margin of Michigan, but medium- and fine- 
grained sands were carried to that part of the Marshall sea covering the Southern 
Peninsula. 

Near the middle of Marshall time the part of the Laurentian upland which 
had been the eastern source of Coldwater and lower Marshall sediments began 
to rise. This area was somewhat unstable throughout the Mississippian. The me- 
dium and coarse sands carried from the pre-Cambrian rocks of the Laurentian 
upland were deposited in eastern Michigan at the beginning of the Napoleon 
sandstone deposition. During the remaining Marshall time, medium-grained 
sands and some fine-grained sands were brought into the Marshall sea from the 
east and west. These sands were shifted about and deposited over the sea floor, 
with the thickest accumulations in the low areas and the thinnest on the topo- 
graphically high areas. 

Continued aridity, and evaporation of the shallow sea waters, resulted in 
further restriction of the Marshall sea. By this time it is probable that the sea 
was at least intermittently isolated from the ocean. The determination of the 
exact time that the first isolation of the Mississippian sea covering Michigan took 
place is difficult. It.is possible that the separation accompanied the uplift of 
the area east of Michigan, which started the deposition of the Napoleon sandstone 
in the eastern part of the state. 

Marshall deposition did not end simultaneously over the state. The first de- 
posits of the Michigan formation accumulated in the quieter areas of the sea at 
the same time that Marshall sands were still being deposited in less quiet waters. 
It is possible that by this time an environment of great aridity existed over both 
the depositional area and the adjacent land areas. Streams which had been bring- 
ing sands into the state from the east no longer were able to carry anything but 
the finest clastics. 

The Wisconsin Highland on the west continued to be drained by streams of 
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the torrential type, which were diminishing in number. They carried sand into 
the depositional area intermittently during the initial stages of deposition of the 
Michigan formation. The sand was spread out and deposited in an interfingering 
arrangement with the shale, dolomite, and gypsum deposits typical of the Michi- 
gan formation. Finally, the volume of the streams from the west was so reduced 
that they were unable to carry sand into the state. Mud and precipitates became 
the primary deposits throughout the Southern Peninsula, and Marshall time had 
come to an end. 

The Marshall formation is thus seen to include the sediments which accu- 
mulated during the evolution from a large epicontinental sea surrounded by low 
land areas to a much smaller, shallow sea in which desiccation took place. Lane 
(1895, p. 19) summed up the significance of the Marshall formation by stating 
that “it marks the time at which the geological history of Michigan switches off 
from that of adjacent states and pursues its individual and peculiar course.” 


OIL AND GAS 


Although the Michigan “Stray” sandstone is the largest natural-gas reservoir 
in (Michigan, no commercial production of oil or gas has been attributed defi- 
nitely to the Marshall formation. Hard (1938, p. 173) suggested that since the 
gas-producing sandstones are lateral fingers of Marshall sandstone in many areas, 
it is erroneous to conclude that gas is confined to sandstones of Michigan age. 

It is apparent from an examination of driller’s logs that in some areas drillers 
have erroneously referred to all sandstones at the base of the Michigan formation 
as Michigan “Stray” if they produce gas and as Marshall sandstone if they con- 
tain only water. In areas such as the Six Lakes field in Montcalm County where 
the gas producing sandstone directly overlies water-bearing sandstone (Hard, 
1938, p. 159), there seems to be no question that the producing zone is Marshall 
in age. 

Rawlins and Schellhardt (1936) and Bergquist (1938) have reviewed the dis- 
covery and production of gas from the Michigan “Stray” sandstone. 
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GEOLOGICAL NOTES 


RAPID METHOD FOR TRANSFERRING DISTANCES FROM 
ONE MAP TO ANOTHER OF DIFFERENT SCALE! 


JOSEPH F. ROMINGER? 
Evanston, Illinois 


It is frequently necessary for geologists to transfer points from one map to 
another of different scale under conditions in which proportional dividers are not 
available. In such cases distances are usually converted by use of wooden scales 
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Fic. 1.—Point P transferred from outline map of Colorado (A) to smaller-scale outline map of Colo- 
rado (B) by use of dividers and simple straight-line diagram (C). 


or of dividers and the bar scales printed on the maps. A more rapid and accurate 
method, requiring only ordinary dividers and an easily constructed diagram, is 
described in the following paragraphs. 

Consider two maps of Colorado (Fig. 1, A and B) on which it is desired to 
transfer the point P from the larger map to its equivalent position P’ on the smal- 


1 Manuscript received, February 11, 1948. 
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ler map, by use of distances from the known points A and B and their equivalents 
A’ and B’. Lay off a known distance such as AC from the first map as abscissa and 
the corresponding distance A’C’ from the second map as ordinate in a conven- 
tional coordinate diagram, as shown in Figure 1 C, and draw the straight line 
from the origin to the point D thus located. The line OD is the locus of all points 
having the ratio of abscissa to ordinate equal to the ratio of distances on the first 
map to corresponding distances on the second map. 

To transfer the point P, measure the distance AP with dividers or drafting 
compass and lay off this distance horizontally to the right of the origin, then 
pivot the dividers about the righthand point and readjust them to the height of 
the line OD above this point (Fig. 1 C). The dividers (or compass) are now set to 
the distance A’P’ and may be used directly in scribing an arc about A’, as shown 
in Figure 1 B. Similarly, the distance BP may be converted and plotted from 
B’, the intersection of this arc with the arc from A’ giving the desired location of 
the pointP’. As many distances as desired may be converted in a similar manner 
by use of the same diagram. 

If the diagram is constructed carefully, preferably by use of a relatively long 
known line, such as AC, the method can be made to yield results of the highest 
accuracy, for no interpolation is necessary. Care should be taken, however, to use 
absolutely vertical measurements on the diagram, and for this purpose it is desir- 
able to plot the diagram on graph paper, so that the vertical direction can be 
determined readily. 

In addition to the advantages of speed and accuracy, the method is good 
because it does not require knowledge of the numerical values of the map scales, 
or calculation therefrom. Obviously, as in most other methods, the two maps must 
be on the same projection. 

Although this method probably has been used before, the writer has not seen 
it described explicitly in the literature. It is presented here in the hope that it will 
be helpful in the many conversions of map distances required in geologic work. 
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REVIEWS. AND NEW PUBLICATIONS 


*Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


REVIEWS OF PETROLEUM TECHNOLOGY, BY THE 
INSTITUTE OF PETROLEUM 


REVIEW BY W. A. VER WIEBE! 
Wichita, Kansas 


Reviews of Petroleum Technology. Volume 7 (covering 1941 to 1945 inclusive). Published 
by the Institute of Petroleum, Manson House, 26 Portland Place, London, W. 1, 
England. 514 pp. 


As the title indicates, this book is a review of articles published between 1940 and 1946 
on subjects interesting to those engaged in the technical side of oil and gas finding. There 
are 19 chapters, all written by outstanding authorities on various phases of oil finding and 
oil exploitation. Each of the authors has gone over the bibliographies carefully and selected 
items that would be of interest to geologists and petroleum engineers in a restricted area of 
present knowledge. Thus, this book becomes in effect an annotated bibliography with 
commentaries written by men with a background based on long-continued study of special 
phases of the subject. For those in our membership who wish to find out quickly what ad- 
vances have been made in recent years and to do so in the shortest possible time, this book 
is the answer. 

The first chapter was written by G. D. Hobson and is entitled Petroleum Geology. The 
very interesting summary presented by this eminent scholar is based on 64 references (a 
list of which is given at the end of the chapter). He covers such subjects as Source rocks— 
Organic matter in sediments—Oil formation—Bacteria in oil formation—Radioactivity— 
Migration mechanisms—Reservoir rocks—date of formation of enclosing rocks—Seep- 
ages—Reservoir pressure—Classification of traps—Sedimentation. 

The second chapter is entitled Geophysics and was written by J. M. Bruckshaw of the 
Royal College of Science of London. He discusses the recent advances made in seismic 
methods, in gravitational and magnetic prospecting, in electrical methods of oil finding, and 
in radioactivity as a tool in oil finding. He suggests that the most important advances in the 
years covered by the review, are: (1) the use on a commercial scale of the radioactive 
method of well logging; (2) the use of neutron well logging; (3) greater knowledge of the 
velocity of elastic waves; and (4) further experiments on natural potentials. His comments 
on the refinements made in instruments are very helpful to the average geologist even 
though they may be known to the specialist on geophysics. 

The chapter on Drilling reviews all articles which have been written during the years 
from 1940 to 1946. In addition to drilling technique such matters as cementing, plugging 
selectively, well surveying, coring, and well completion are discussed fully. The list of 
references for this chapter comprises 325 papers and articles. The chapter on Production 
Engineering is similarly exhaustive and reviews 355 papers and books. 

The chapter on Petroleum Transportation was written by George Wilson formerly 
Director of Supply and Transportation of the Petroleum Administration for War. In this 
interesting presentation the reader will find a number of items discussed which were pre- 
viously shrouded in secrecy on account of war conditions. The chapter on Refinery Process 
Developments was written by Gustav Egloff who needs no introduction to an American 


1 Professor of geology at the University of Wichita. Review received, February 18, 1948. 
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audience. Besides the refinements in the usual procedures in refining, this author also dis- 
cusses fuels for jet propulsion, synthetic rubber, and lubricants. 

The chapter on Analysis and Testing was prepared by C. F. McCue of the Anglo- 
American Oil Company. In the preparation of this review more than 1ooo references to 
published work on the analysis and testing of petroleum products were examined. He points 
out that increasing use is being made of spectrographic and other physico-chemical meth- 
ods of analysis. The next chapter was written by A. Winward of the Esso Development 
Company. It is entitled Chemistry of Petroleum and critically presents the contents of 200 
separate articles. A similar review on the Physics of Petroleum constitutes the material of 
the next succeeding chapter. Other chapter headings are as follows: Natural Gas and Gaso- 
line; Benzole; Alternative Fuels; Specifications for Service Fuels; Diesel Fuel and Gas Oils; 
Specifications for Lubricants; Asphaltic Bitumen and Road Materials; Special Products; 
and lastly Petroleum Literature. The chapter on Alternative Fuels is particularly timely in 
the United States. Fuels produced by hydrogenation and synthetic processes are discussed 
in the light of 133 separate articles selected from Russian, German, and Japanese sources 
as well as British and American sources. The alternative fuels derived from low- and med- 
ium-temperature carbonization and other types of substitute fuels are discussed on the 
basis of careful reviews of an additional 169 articles. Thus, a very comprehensive picture 
may be obtained of the present status of this most vital problem. 

A very penetrating analysis of the meaning and value of recent Petroleum Literature 
was prepared by G. P. Kitt who reviewed 224 books and pamphlets. One of the best fea- 
tures of the book is the Index which lists all titles both under author and also under subject. 


OIL AND GAS FIELD DEVELOPMENT IN UNITED STATES 1946, 
BY NATIONAL OIL SCOUTS AND LANDMEN’S ASSOCIATION 


REVIEW BY C. G. STRACHAN! 
Tulsa, Oklahoma 


Oil and Gas Field Development in the United States, Year Book 1947 (Review of 1946). 
Edited by Hugh J. Roberts and E. J. Raisch. 943 pp., maps, tables, charts. 7.5 X 10.5 
inches. Published by National Oil Scouts and Landmen’s Association, Austin, Texas. 
Price, $7.50, cloth-bound. 


As an opening comment in this review, the reviewer is justified in expressing again the 
idea advanced last year; it is that for one man to presume to criticize the massive collection 
by many men of the data in this book is a form of impertinence. As in the 1945 edition it 
carries production by fields, past and present, discoveries and associated data for the year, 
the location and amount of leasing and geophysical and geological work, regional geological 
maps, pool maps, and stratigraphic sections. 

There are 32 sections in which are discussed as many states or group of states as units, 
besides other sections of a more general nature. The introduction is short, but it points out 
the highlights of the petroleum situation for 1946; they are, or at least at the time were, well 
worth knowing. Consumption of petroleum, in spite of it being the first full post-war year, 
was down only 1 per cent, to an average of about 5,305,000 barrels daily. Crude production, 
which was expected to be curtailed, gained 20 million barrels to total 1,731,889,000 barrels 
for the year. Despite this increase, the country imported 134,698,000 barrels of crude oil 
and petroleum products. Wildcatting was at a peak with such tests numbering 4830 com- 
pared with the previous peak of 4510 in 1945. The drilling resulted in 411 new oil and gas 


1 Gulf Oil Corporation. Review received, February 27, 1948. 
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fields and the discovery of 276 new producing formations in previously found pools. In the 
appendix discussing the country’s reserves at the end of 1946 the figures arrived at by the 
American Gas Association and the American Petroleum Institute are presented. Of chief 
interest is the figure of 24,227,447,000 barrels of proved reserves of liquid hydrocarbons. 
Proved gas reserves are given as 160,575,901 million cubic feet. 

It is regrettable that the assembling of these data cannot be done so as to get the book 
to readers much earlier. As a member of the A.A.P.G., this reviewer would be amiss in not 
pointing out that much of the material which is of interest to geologists appeared in the 
June, 1947, Bulletin. It should be noted, however, that the book under review carries a 
section on the Rocky Mountains, which the Bulletin does not. On the other hand the 
Bulletin discusses Canada; because of the increasing activity by American major oil com- 
panies and the discovery of new pools in Alberta, the scouts and landmen may feel con- 
strained to include this region in a future publication. 


RECENT PUBLICATIONS 


ALBERTA 


*“The Cretaceous—Tertiary Boundary in the Foothills of Central Alberta,” by R. L. 
Rutherford. Trans. Royal Soc. Canada, 3d. Ser., Sec. 4, Vol. 41 (Ottawa, 1947), pp. 47-59. 


ARGENTINA 


*“Tos depésitos plantiferos de Piedra del Aguila (Neuquen) y sus relaciones” (Plant 
Beds of Piedra de Aguila and Their Relationships), by Roberto Ferello. Y.P.F. Bol. Inf. 
Petrol., Vol. 24, No. 278 (Buenos Aires, October, 1947), pp. 248-61; 13 figs. (fossils), 3 
photographs, areal map, and transverse geological section. 


CHINA 


*Remarques sur les flexures continentales de Chine’’ (Continental Folding in China)» 
by P. Teilhard de Chardin. Bull. Soc. Geol. France, 5th Ser., Vol. 16, Nos. 7-8-9 (Paris» 
1946; published, October, 1947), pp. 497-302; 2 figs. 


EAST INDIES 


*Geological Explorations in the Island of Celebes. By commission of the Netherlands 
East Indies Geological Survey in 1929, with the collaboration of W. H. Hetzel and H. E. G. 
Straeter, under the leadership of H. A. Brouwer, professor of geology at the University of 
Amsterdam. Geological Summary and Petrology, by H. A. Brouwer, W. P. de Roever, and 
C. G. Egeler. 346 pp. 7 X9.5 inches. 24 pls. (mostly photomicrographs of metamorphosed 
and igneous rocks; 25 text figs., 2 folded sketch maps. 

. in Central Celebes the surface geology shows . . . three main zones... 

1. An eastern zone, which is characterized by the abundance of basic and ultra-basic 
igneous rocks, Mesozoic and possibly older limestones and siliceous rocks, which partly 
are rich in radiolaria. 

2. A central zone of epi- to meso-metamorphic muscovite-rich crystalline schists. In 
the main the degree of regional metamorphism decreases from west to east. 

3. A western zone, which is characterized by the abundance of granodioritic and 
various volcanic rocks, biotite-rich crystalline schists and sediments, which generally have 
been deposited in water shallower than that of zone 1.” 

North Holland Publishing Company (N. V. Noord-Hollandsche Uitgevers Mij.), 
Amsterdam, Holland (1947). Clothbound. Price, f27.50. 
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*“Two Problems of Marine Geology: Atolls and Canyons,” by Ph. H. Kuenen. Verh. 
Koninklijke Nederlandsche Akad. van Wetenschappen, afd. Natuurkunde, Tweedie Sectie, 
Deel 43, No. 3 (1947, pp. 1-69; 4 pls., 14 text figs. I. “The Borings on Maratoea Atoll] and 
the Coral Reef Theory of Glacially Controlled Subsidence,” pp. 5-36. II. “‘“Submarine 
Canyons and Their Formation,” pp. 37-69. Published by N. V. Noord-Hollandsche 
Uitgevers Maatschappij, Amsterdam, Holland. Paper. 7.125 X10.25 inches. In English. 


FLORIDA 


*“Exploration for Oil and Gas in Florida,” by Herman Gunter. Florida Geol. Survey 
Inf. Cir. 1 (Tallahassee, January 1, 1948). 68 mimeog. pp. 8.5 X11 inches. 2 figs., 2 tables. 
*Southeastern Geological Society, Fifth Field Trip, West-Central Florida, December 5-6, 
1947. 71 mimeog. pp. 8.5 X11 inches. Folded map in pocket. Copies may be purchased 
from Secretary, Southeastern Geological Society, Box 841, Tallahassee, Florida, Price, 


$3.00. 
FRANCE 


*“Sur la stratigraphie du Flysch au sud de Pau, Basses-Pyrénées” (Stratigraphy of 
Flysche South of Pau, Basses-Pyrénées), by Y. Gubler. Bull. Geol. Soc. France, 5th ser., 
Vol. 16, Nos. 7-8-9 (Paris, 1946, published, October, 1947), pp. 401-22; 1 stratigraphic 
chart. 

*“Nouvelles observations stratigraphiques dans |’ Eocene au sud de Pau, Basses-Pyré- 
nées” (New Stratigraphic Notes on the Eocene South of Pau), by Y. Gubler and R. 
Pomeyro). Jbid., pp. 423-44; 2 figs., 2 folded stratigraphic and microfaunal charts. 


GENERAL 


*“Studies for Students.” “A Preface to the Classification of the Sedimentary Rocks,” 
by F. J. Pettijohn. Jour. Geology, Vol. 56, No. 2 (Chicago, March, 1948), pp. 112-17. 

“A Classification of Sedimentary Rocks,” by Robert R. Shrock. Jbid., pp. 
118-29; I table. 

i , “The Megascopic Study and Field Classification of Sedimentary Rocks,” by 
Paul D. Krynine. Jbid., pp. 130-65; 15 figs., 4 tables. 

*“Correlation of the Mississippian Formations of North America,” by the Mississip- 
pian Subcommittee, J. Marvin Weller (Chairman). Bull. Geol. Soc. America, Vol. 59, No. 
2 (New York, February, 1948), pp. 91-188; 330 refs., 7 figs., x pl., 1 folded correlation 
chart. 

Report of the American Petroleum Institute’s Committee on Petroleum Reserves, by F. H. 
Lahee (Chairman). 9 mim. pp. Printed copies available from Dept. Information, American 
Petroleum Institute, 50 West 5oth Street, New York 20, N. Y. 

Report of the Committee on Natural Gas Reserves of the American Gas Association, by 
N. C. McGowan (Chairman). 7 mim. pp. Printed copies available from Dept. Informa- 
tion, American Petroleum Institute, 50 West soth Street, New York 20, N. Y. 

*“Bibliographic Index of Permian Invertebrates,” by Carl C. Branson. Geol. Soc. 
America Mem. 26 (New York, February 26, 1948). 1049 pp. 

*“Flying Magnetometer, Tool of Aerial Exploration,” by Homer Jensen. World 
Petroleum, Vol. 19, No. 3 (New York, March, 1948), pp. 84-87; 4 photographs. 

*Geophysical Directory (East of the Rocky Mountains). 120 pp. 1948 edition. A com- 
prehensive directory for the entire geophysical industry, listing geophysical contractors, 
shot-hole and core-drill contractors, oil companies using geophysics, personnel, e¢ cetera. 
The Geophysical Directory, Box 6646, Houston 5, Texas. Price, $3.00. 
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Photogrammetric Engineering, Vol. 13, No. 4 (December, 1947). Issue devoted to 
Photogrammetry in Geology-symposium, compiled by H. T. U. Smith, with papers by 
Mark Baldwin, Howard M. Smith, Howard W. Whitlock; Robert S. Dietz; Y. O. Fortier; 
A. H. Lang: Raymond C. Moore: William C. Putnam; John Lyon Rich: G. W. Rooney; 
W. S. Levings; F. T. Thwaites; Sherman A. Wengerd; John D. Strobell, Jr.; pp. 531-628, 
illus. Total pp. in complete issue, 531-720. Published quarterly by the American Society 
of Photogrammetry, Box 18, Benjamin Franklin Station, Washington, D. C. Price per 
copy, $1.50. 

INDIA 

*“Microfossils and the Salt Range Thrust,” by B. Sahni. Proc. Natl. Acad. Sci. India, 
Vol. 16, Pts. 2-4 (Lucknow, 1946). 50 pp., 11 pls. 

*“Second Symposium on the Age of the Saline Series in the Salt Range of the Punjab.” 
Held under the joint auspices of the National Academy of Sciences and the Indian Academy 
of Sciences at Udaipur, December 27 and 28, 1945. Proc. Natl. Acad. Sci. India, Vol. 16, 
Pts. 2-4 (Lucknow, 1946), pp. 229-47. 

*“Paleontology and the Measurement of Geological Time,” by B. Sahni. Current 
Science, 16 (July, 1947), pp. 203-06. Comments and suggestions for a plan of research by 
the committee on the measurement of geological time in India. 


ITALY 


*“Per la geologia delle argille ofiolitifere appenninche. Nota III. Foraminiferi dell’ar- 
gilla scagliosa di Castelvecchio (Modena)” (Geology of Ophiolitic Clay of the Appennines. 
Note III. Foraminifera of Micaceous Clay of Castelvecchio, Modena), by E. Montanaro 
Gallitelli. Atti della Soc. Toscona di Sci. Naturila, Mem., Vol. 45 (Pisa, 1947). 24 pp.; 3 
figs. Italian. 

KANSAS 


*“Geology and Ground-Water Resources of Kiowa County, Kansas,” by Bruce F. 
Latta. Kansas Geol. Survey Bull. 65 (Lawrence, February, 1948). 151 pp., 11 pls., 10 figs., 
g tables. 

NORTH CAROLINA 

*“North Carolina Coastal Plain Floor” (abstract), by Willard Berry. Bull. Geol. Soc. 

America, Vol. 59, No. 2 (New York, February, 1948), pp. 87-89; 1 pl., 1 fig. 


ROMANIA 


*“Structura geologica a regiunii dentre Mizil si Targoviste, cu privire speciala-asupra 
carbunilor din Dacian” (Geological Structure in the Region between Targoviste and Mizil) 
by N. Oncescu. Inst. Geol. Romaniei Geol. Econ., Ser. A, Nr. 3 (Bucuresti, 1947). 63 pp., 
8 text figs., 1 folded map in colors. In Romanian. 


SPAIN 


“Revisién de algunos datos paleontolégicos de flysch cretaceo y numulitico de Guipiiz- 
coa”’ (Revision of Paleontological Data of the Cretaceous and Nummulitic Flysch of Guip- 
uzcoa), by Joaquim Gomez de Llarena. Inst. Geol. Min. Espatta, Notas y Comunicaciones, 
Num. 15 (Rios Rosas, 9, Madrid, 1946), pp. 109-66; 5 figs., 8 pls. Spanish. 

“Datos para el estudio de la hoja geologica de Cabrejas del Pinar, Soria” (Data for the 
Study of the Geology of the Cabrejas del Pinar, Soria), by Jose Cantos Figuerola Saiz de 
Carlos. Ibid., pp. 167-74; 1 fig., 2 folded, colored pls. (structure sections, e.g., anticlinal 
de la Cuenca, and geological map). 
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TEXAS 


*“Geology and Ground Water Resources of Comal County, Texas, by William O. George 
el al. Texas Board of Water Engineers, Austin (February, 1947). 142 pp. Approx. 8.5 X11 
inches. Multigraphed. 5 pls., 7 figs. Prepared in cooperation with U. S. Geological Survey. 


UTAH 
*“QOil Prospects in Utah,” by Glen M. Ruby. Oil and Gas Jour., Vol. 46, No. 41 (Tulsa, 
February 12, 1948), pp. 87-96, 104; 3 maps. 
WYOMING 


“Geologic and Structure Contour Map of the Basin-Greybull Area, Big Horn County, 
Wyoming,” by William G. Pierce. U. S. Geol. Survey. Prelim. Map 77, Oil and Gas Inves. 
Ser. (February, 1948). Sheet, 35 X51 inches. Scale, 1 inch equals 4000 feet. May be pur- 
chased from Director, U. S. Geological Survey, Washington 25, D. C. Price $0.60. 
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Harold R. Wanless, H. W. Scott, David H. Swann 
Howard Davis Zeller, Columbus, Ohio 

C. H. Summerson, Donald L. Norling, Edmund M. Spieker 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


William B. Arper, Jr., Shreveport, La. 

Joseph Purzer, Charles J. Boke, T. E. Weirich 
Leroy E. Becker, Jusepin, Venezuela, S.A. 

O. B. Knight, G. Zuloaga, J. H. Sawyer 
John Robert Berg, Wichita, Kan. 

W. A. Ver Wiebe, Alfred N. Sharrick, T. C. Peters 
Orman Pearson Brown, Denver, Colo. 

H. E. Rankin, James R. Tichy, Harry L. Thomsen 
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John William Byers, Houston, Tex. 

Buford Miller, Russell H. Dicken, W. J. Osterhoudt 
Martin John Deuth, Jackson, Miss. 

: Ernest Guy Robinson, M. L. Kerlin, H. L. Koch 

Lawrence Johnson Finfrock, Jackson, Miss. 

F. T. Holden, Grover E. Murray, David Pope Meagher 
Henry Florey Fowler, Shreveport, La. 

B. W. Blanpied, Roy T. Hazzard, W. C. Spooner 
Robert B. Galeski, North Hollywood, Calif. 

W. L. Matjasic, Tom E. Folsom, Loyde H. Metzner 
George Henry Horn, Casper, Wyo. 

Raymond C. Becker, G. G. Frazier, T. F. Stipp 
Wilho John Kivi, Rock Springs, Wyo. 

Horace D. Thomas, W. T. Nightingale, M. M. Fidlar 
Sterling E. Little, New Orleans, La. 

Gordon I. Atwater, H. C. Ferguson, Leslie Bowling 
Phil Porter, Dallas, Tex. 

Lewis W. MacNaughton, Willis G. Meyer, Jack A. Crichton 
James Irvin Riddle, Jr., Houston, Tex. 

Henry C. Cortes, Wallace E. Pratt, L. P. Teas 
John Sewall Shelton, Claremont, Calif. 

A. O. Woodford, W. P. Woodring, R. Ten Eyck 
Wallace Lee Wade, Tallahassee, Fla. 

FE. A. Murchison, Jr., W. C. Blackburn, Dunbar A. Fisher 
Truman Pendleton Woodward, Shreveport, La. 

George E. Wagoner, C. B. Schwartz, Harry M. Buchner 


ADDITIONAL APPLICATIONS APPROVED FOR PUBLICATION 
FOR ACTIVE MEMBERSHIP 


Wallace Wayne Adams, Caracas, Venezuela, S. A. 

Edwin H. Wenberg, John H. Regan, K. F. Dallmus 
Harold Green, San Francisco, Calif. 

John P. Hurndall, Donuil Hillis, Irvine E. Stewart 
Albert James Hanners, Caracas, Venezuela, S. A. 

Joseph M. Patterson, Donald McArthur, Joe G. Wilson 
Allard Clarke Hoxie, Purcell, Okla. 

James W. Nance, L. T. Hart, Jerry R. Kyle 
George William Isensee, Dallas, Tex. 

Paul E. Nash, J. C. Menefee, Henry C. Cortes 
William Heberd James, Jr., Tulsa, Okla. 

Fred G. Phelps, Jack M. Copass, G. M. Kridler 
Emile Rod, Caracas, Venezuela, S. A. 

H. H. Renz, L. Kehrer, A. F. Hottinger 
Richard A. Shelley, Wichita, Kan. 

Sherril A. Shannon, Edward A. Huffman, Joseph R. Clair 
Arthur Richard Taylor, Beeville, Tex. 

David M. Miller, Philip D. Gully, Guy E. Green 
Jan Willem Bausch Van Bertsbergh, Siparia, Trinidad, B. W. I. 

C. C. Wilson, H. H. Suter, N. A. Boutakoff 
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William Frederick Wuest, Lima, Peru, S. A. 
Lorne A. Smith, J. C. Sproule, Walton Sumner 


FOR ASSOCIATE MEMBERSHIP 


Walter Douglas Blackmon, Hearne, Tex. 

W. M. Winton, Leo Hendricks, Gayle Scott 
Alfred M. Bruner, La Junta, Colo. 

Perry S. McClure, G. S. Lambert, H. D. Hand 
Max Creighton Firebaugh, Mt. Vernon, II. 

Alfred H. Bell, David H. Swann, Harold R. Wanless 
George Corning Fraser, III, Midland, Tex. 

W. H. Conkling, W. T. Thom, Jr., J. C. Maxwell 
Pleasant Vernon Furgason, Hobbs, N. Mex. 

P. H. Reisher, Charles Ryniker, Robert F. Walters 
Taher Abdel Razzak El Hadidi, Cairo, Egypt 

Eugene Jablonski, F. E. Von Estorff, W. T. Thom, Jr. 
Earl Preston Harrison, Clovis, N. Mex. 

Sherman A. Wengerd, Vincent C. Kelley, C. D. Johnson 
Edward Nicholas Hecker, Jr., New Orleans, La. 

Chalmer J. Roy, H. N. Fisk, H. V. Howe 
Daniel Jarvis, Azle, Tex. 

W. M. Winton, Leo Hendricks, Gayle Scott 
John William LeSassier, Marlin, Tex. 

F. L. Whitney, Hal P. Bybee, G. K. Eifler, Jr. 
Warren Stanley Lippitt, Carlsbad, N. Mex. 

Herbert M. Goodman, M. S. Metz, Gordon H. White 
William N. McAnulty, Alpine, Tex. 

Ross A. Maxwell, E. H. Sellards, Virgil E. Barnes 
Charles Dilman Moore, Wichita, Kan. 

L. R. Laudon, T. G. Wright, Lee H. Cornell 
Harrison Frank Murray, Boulder, Colo. 

Warren O. Thompson, W. Warren Longley, John R. Hayes 
Harry Stanley Phillips, Tyler, Tex. 

T. J. Burnett, T. H. Shelby, Jr., S. O. Burford 
Alan A. Pike, San Angelo, Tex. 

Leo Hendricks, W. M. Winton, Gayle Scott 
John Wesley Porter, Regina, Sask., Canada 

F. H. Edmunds, J. D. Weir, F. A. Killer 
Ralph Leland Redline, Jr., Lubbock, Tex. 

Raymond Sidwell, W. I. Robinson, M. A. Stainbrook 

J. Keith Rigby, Salt Lake City, Utah 

George H. Hansen, J. Stewart Williams, Charles B. Hunt 
William Harold Seaman, Lueders, Tex. 

Gayle Scott, W. M. Winton, Leo Hendricks 
George Edward Utermohle, Jr., Odessa, Tex. 

Max David, V. C. Kelley, John L. P. Campbell 
James Wilson Vanderbeek, Midland, Tex. 

Samuel P. Ellison, Jr., W. J. Lang, Charles F. Henderson 
Louis Leon Watson, Jr., Baton Rouge, La. 

Paul H. Jones, H. N. Fisk, Richard J. Russell 
David Scott Watt, Fraserburgh, Aberdeenshire, Scotland 

Arthur G. Hutchison, N. J. M. Taverne, W. Hegwein 
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Karl Lehman Wehmeyer, Jr., Barcelona, Venezuela, S. A. 

Henry A. Guntz, George O. Relf, Jr., Louis Sass 
French Robertson White, Jr., Fort Worth, Tex. 

W. M. Winton, Leo Hendricks, Gayle Scott 
— James Wier, Jr., Opelousas, La. 

H. V. Howe, Richard Joel Russell, Chalmer J. Roy 
Rayford Warwick Winters, Monahans, Tex. 

W. F. Cloud, V. E. Monnett, E. L. Lucas 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Earl H. Bescher, Jr., Crowley, La. 

Felix D. Richardson, P. H. O’Bannon, J. R. Jackson, Jr. 
Francis Neal Bosco, Denver, Colo. 

Ronald K. DeFord, K. C. Forcade, David M. Evans 
John Harvey Davis, Lafayette, La. 

R. M. Wilson, Max Bornhauser, F. B. Stein 
Margaret Jane Floyd-Jones, Midland, Tex. 

L. Wayne Ashmore, Jane Ferrell, H. A. Hemphill 
Eric Aroha Rudd, Melbourne, Australia 

Frank Reeves, H. E. Raggatt, D. Dale Condit 
Norman Robert Stewart, Mt. Pleasant, Mich. 

E. R. Branson, William F. Brown, Ralph G. Hubman 
Marilyn Louise Taylor, Evanston, Ill. 

Theron Wasson, Ira H. Cram, Edward C. Dapples 
Richard Daniel White, Lexington, Ky. 

K. H. Crandall, J. W. Hoover, H. T. Richardson 
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AT HOME AND ABROAD 


NEWS OF THE PROFESSION 
FIELD CONFERENCE IN WIND RIVER BASIN, WYOMING, AUGUST 11-14, 1948 


The Wyoming Geological Association’s third annual field conference will be held in the 
Wind River Basin, Wyoming, from August 11 to 14. Registration will start at 4:00 P.M. 
in the Noble Hotel at Lander, the conference headquarters. Field trips on August 12, 13, 
and 14 out of Lander are planned, which, together with lectures scheduled for evening 
meetings, will permit examination and discussion of the most important features of the 
geology of the Wind River Basin, including structure, stratigraphy, and major oil fields. 
The conference will end in Casper on the night of August 14. 

A guide book is being prepared which will contain road logs of all the principal roads 
of the Wind River Basin and original articles on structure, stratigraphy, individual oil and 
gas fields, and other features of interest. It is planned to illustrate the guide book with 
numerous maps, sections, and photographs. Authors contributing to the guide book include 
geologists of the Wyoming Geological Association, the University of Wyoming, the United 
States Geological Survey, and the University of Missouri. 

The general direction and organization of the conference is under the chairmanship 
of Puitie W. Rernuart, of the Shell Oil Company, Incorporated. The guide book is being 
prepared by an editorial board under the supervision of JED B. MAEstvus of the Gulf Oil 
Corporation. Registration, accommodations, and general arrangements are being taken 
care of by a group headed by F. Howarp Brapy of Chemical and Geological Laboratories, 
Incorporated. 

The Lander Chamber of Commerce and the management of the Noble Hotel at Lander 
are taking an active part in arranging for accommodations, meals, and entertainment. 

All interested geologists are invited to take part in the conference. As it will be neces- 
sary to limit registration to approximately 175 participants, those wishing to attend are 
asked to communicate immediately with F. Howarp Brapy, Box 279, Casper, Wyoming. 
Automobile transportation from Casper to Lander on August r1 will be provided for out- 
of-state visitors who desire it. Likewise, automobile transportation for all participants will 
be available for the trips out of Lander and back to Casper. 

P. W. Rermnuart, Chairman 
Field Trip Committee 


DISTINGUISHED LECTURE TOUR 


The itinerary of CLARK GoopMAN, associate professor at the Massachusetts Institute 
of Technology, follows. His subject was ‘Radioactivity and Petroleum Geology.” 


March 8 Tulsa Geological Society, at University of Tulsa 
g Oklahoma City Geological Society 
1r North Texas Geological Society, Wichita Falls 
12 Texas Technological College, Lubbock 
15 Corpus Christi Geological Society 
16 Fort Worth Geological Society and Geology and Physics Departments of Texas Christian 
University 
17 Dallas Geological Society, at Southern Methodist University _ 
18 Shreveport Geological Society 
19 Southeastern Geological Society, Tallahassee 
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The American Geophysical Union holds its 29th annual meeting in Washington, D. C., 
April 21-23. - 

NeEtson Horatio Darton, honorary member of the Association, for many years a 
geologist of the United States Geological Survey, died at Chevy Chase, Maryland, Febru- 
ary 28, at the age of 82 years. 


W. C. MacQuown, Jr., recently resigned as assistant professor of geology at the 
University of Kentucky and has opened a district geologic office for the Cooperative Re- 
finery Association in Oklahoma City, Oklahoma. The new address is 716 Braniff Building. 


HELEN K. Foster, recently at Wellesley College, is with the Military Section of the 
United States Geological Survey, and is to be stationed in Japan. 


M. Kino Husserrt, of the Shell Oil Company, Inc., spoke on ‘“The Motion of Ground 
Water,” before the Houston Geological Society, March 8. 


GEOLOGISTS NEEDED FOR ADTIC SERVICE 


Geologists and other professionally trained personnel with experience in non-temperate 
regions are desired for civilian appointment to the staff of the Arctic, Desert and Tropic 
Information Center of the U. S. Army Air forces. The ADTIC is being re-established at the 
Air University, Maxwell Field, Alabama, in accordance with a recent directive from Air 
Force Headquarters. Civil Service ratings will range from P-—2 to P-6 ($3400 to $8000). 
Inquiries should be addressed to CHARLES M. Tuomas, Chief, Documentary Research 
Division, Air University Library, Maxwell Field, Alabama. (The wartime staff of ADTIC 
included eleven geologists, five of them members of the A.A.P.G.) 


James C. Monk, of the Sun Oil Company, has been transferred from Jackson, Missis- 
sippi, to the home office in Philadelphia, Pennsylvania. 


RosBert L. ALKIRE, assistant petroleum research engineer, Engineering Experiment 
Station, West Virginia University, Morgantown, joined the staff of the Ohio Geological 
Survey as oil and gas geologist, effective March 1, it has been announced by Joun H. 
MELvin, Ohio State geologist, Columbus, Ohio. 


R. C. STEPHENSON, of the Pennsylvania Geological Survey, discussed ‘Uranium and 
Vanadium Deposits of the Colorado Plateau Area” at a meeting of the Pittsburgh Geol- 
ogical Society held at the William Penn Hotel on February to. 


JosepH M. Gorman, geologist with the Creole Petroleum Corporation, Caracas, 
Venezuela, returned to the States on long vacation in mid-April. From April 30 to June 10 
he may be reached at 59 Burke Street, Plains, Wilkes-Barre, Pennsylvania, c/o Mrs. 
Richard Gorman. 


PacE T. JENKINS, formerly in the employ of the Carter Oil Company, is district geolo- 
gist for the Seaboard Oil Company of Delaware at Casper, Wyoming. 


BERNARD RoMAINE Hassrowck died, November 10, 1947, in Panama, where he was in 
the employ of the Sinclair Panama Oil Corporation. 


J. C. FIntey, chief geologist for the Midstates Oil Company, Tulsa, has resigned to 
become manager of exploration for the Kerr-McGee Oil Industries, Inc., Oklahoma City. 
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Joun L. Lester has resigned from the Shell Oil Company, Inc., and has opened a con- 
sulting office in Centralia, Illinois. His Postoffice Box is 249. 


Max B. Payne has left the Union Oil Company of California and is district geologist 
for the Signal Oil and Gas Company, Bakersfield, California. 


J. R. Ticuy has resigned from the Shell Oil Company, Inc., to accept a position as 
geologist with the Sun Oil Company at Denver, Colorado. 


Joun S. Barwick, of Wichita, Kansas, is in the employ of the Corporacion de Fom- 
ento de la Produccion, Punta Arenas, Chile. 


Rosert F. Imsr has moved his office as consulting petroleum geologist from Midland 
to 2005 Fort Worth National Bank Building, Fort Worth, Texas. 


BriTAIN W. WALTON and Tuomas S. NAPIER have organized Seismic Analysis, Inc., 
Room 208 at 1153 Jefferson Boulevard, Dallas, Texas. 


WizBert S. Larson, Jr., recently with The Texas Company at Shawnee, Oklahoma, 
is geologist with the Chemical and Geological Laboratories, Inc., Casper, Wyoming. 


CHARLES Boyp MorGaAN has left the National Associated Petroleum Company to ac- 
cept the position of geologist with the Seaboard Oil Company of Delaware at Abilene, 
Texas. 


A. N. McDoweE yz has left the Creole Petroleum Corporation, Caracas, Venezuela. He 
may be addressed at 2106 Laurel Street, Texarkana, Arkansas. 


Epon Hovss is employed by the Husky Refining Company, Cody, Wyoming. 


M. Kino Hussert, of the production and research division of the Shell Oil Company 
at Houston, Texas, talked about ‘““The Mechanical Basis for Faulting and Related Geo- 


’ logic Structures,” at the meeting of the Shreveport Geological Society and the Ark-La- 


Tex Geophysical Society, at Shreveport, March 9. 


C. W. Sanvers, chief geologist for Danciger Oil and Refining Company during the 
past 4} years, is resigning on May 1 in order to engage in consulting work. His office will 
be at 2413 Colonial Parkway, Fort Worth 4, Texas. 


Rotirin THomMAs CHAMBERLIN, professor emeritus of geology at the University of 
Chicago, and editor emeritus of the Journal of Geology, died at Chicago, at the age of 
66 years. 


E. R. BRANSON has resigned his position as district geologist for the Carter Oil Com- 
pany at Mount Pleasant, Michigan, to become vice-president in charge of exploration for 
the Turner Oil Corporation. 


Roperick G. MurRcHISON is on leave of absence from the Socony-Vacuum Oil Com- 
pany of Colombia in order to enroll for graduate studies at the University of North Caro- 
lina. His address is Rocky Mount, North Carolina. 
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PROFESSIONAL DIRECTORY 


CALIFORNIA 


H. W. BELL” 
Geologist and Engineer 


Consultant in Oil, Gas, Mining 
for 
Development, Production, Appraisal 


5275 Washington Ave., Fresno, Calif. 


EVERETT C. EDWARDS 
Geologist 
501 South Coast Boulevard 


Telephone 1332 Laguna Beach, California 


PAUL P. GOUDKOFF 
Geologisi 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


HAROLD W. HOOTS 
Geologist 


555 South Flower 


Los ANGELES 13 CALIFORNIA 


LUIS E. KEMNITZER 
KEMNITZER, RICHARDS AND DIEPENBROCK 
Geologists and Petroleum Engineers 


1003 Financial Center Building 
704 South Spring Street 
LOS ANGELES 14, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


A. I. LEVORSEN 


Petroleum Geologist 


STANFORD UNIVERSITY CALIFORNIA 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


RICHARD L. TRIPLETT 


Core Drilling Contractor 


1660 Virginia Road 


PArkway 9925 1 
Los ANGELES 6, CALIF. 


JEROME J. O'BRIEN 
Petroleum Geologist 
Examinations, Reports, Appraisals 
Petroleum Building 


714 West Olympic Boulevard 


McCartHy & O'BRIEN Los Angeles 15, Calif. 


HENRY SALVATORI 
Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


COLORADO 


C. A. HEILAND 
Heiland Research Corporation 


130 East Fifth Avenue 


HARRY W. OBORNE 
Geologist 


620 East Fontanero Street 
Colorado Springs, Colorado 
Main 4711 


DENVER 9, COLORADO 
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COLORADO 
EVERETT S. SHAW V. ZAY SMITH L. BRUNDALL 
R. McMILLAN A. R. WASEM 


Geologist and Engineer 


3141 Zenobia Street 
DENVER 12 COLORADO 


Geophoto Services, Inc. 
Photogeologists and Consulting Geologists 


305 E & C Building DENVER 2, COLO. 


ILLINOIS 


C. E. BREHM 


Consulting Geologist 
and Geophysicist 


New Stumpp Building, Mt. Vernon, Illinois 


J. L. MCMANAMY 
Consulting Geologist 


Mt. Vernon, Illinois 


L. A. MYLIUS T. E. WALL 
Geologist Engineer ; 
Geologist 
122A North Locust Street 
Box 264, Centralia, Illinois Mt. Vernon Illinois 
INDIANA KANSAS 


HARRY H. NOWLAN 
Consulting Geologist and Engineer 
Specializing in Valuations 


Evansville 19, Indiana 
317 Court Bldg. Phone 2-7818 


C. ENGSTRAND J. D. DAVIES 


Detailed Lithologic Logs 
Kansas SAMPLE LoG SERVICE 
415 N. Pershing 
Wichita Kansas 


KANSAS 


WENDELL S. JOHNS 


PETROLEUM 
GEOLOGIST 


Office Phone 3-1540 
Res. Phone 2-7266 


600 Bitting Building 
Wichita 2, Kansas 


EDWARD A. KOESTER 
Petroleum Geologist 
302 Orpheum Bldg., Wichita, Kansas 


LOUISIANA 


GORDON ATWATER 
Consulting Geologist 


Whitney Building 
New Orleans Louisiana 


WILLIAM M. BARRET, INC. 


Consulting Geophysicists 
Specializing in Magnetic Surveys 
Giddens-Lane Building SHRF/VEPORT, La. 


LOUISIANA 


MEXICO 


G. FREDERICK SHEPHERD 
Consulting Geologist 
123 Maryland Drive 


Phone AUdubon 1403 


New Orleans 18, La. 


C. E. BURBRIDGE, JR. 
Consultant 
Petroleum Mining 


Apt. Postal 686, Mexico, D.F., Mexico 
Phones: Mexican 320057—Ericsson 239403 
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MISSISSIPPI 


R. Merrill Harris Willard M. Payne 
HARRIS & PAYNE 
Geologists 


Phone 4-6286 
or L.D. 89 


100 East Pearl Bldg. 
Jackson, Miss. 


FREDERIC F. MELLEN 
Consulting Geologist 


P.O. Box 2584 
West Jackson Station 
Jackson, Mississippi 


11344 W. Capitol Street Phone 54541 


MISSISSIPPI 


MONTANA 


E. T. MONSOUR 
Consulting Geologist 
P.O. Box 2571 
West Jackson Station 
Jackson, Mississippi 


112¥2 E. Capitol St. Phone 2-1368 


HERBERT D. HADLEY 


Petroleum Geologist 
Billings, Montana 


801 Grand Ave. Phone 2950 


NEW MEXICO 


NEW YORK 


VILAS P. SHELDON 
Consulting Geologist and Reservoir 
Performance Specialist 
Geological Reports, Valuations, Appraisals, 
Microscopic well cutting examination, 
well completion supervision, reservoir 

performance analyses ee 
Office Phone 720-W Carper Building 
Home Phone 702-J Artesia, New Mexico 


BROKAW, DIXON & McKEE 


Geologists Engineers 
OIL—NATURAL GAS 


Examinations, Reports, Appraisals 
Estimates of Reserves 


120 Broadway Gulf Building 
New York ouston 


NEW 


YORK 


FRANK RIEBER 
Geophysicist 


Specializing in the development of new 
instruments and procedures 


BASIL B. ZAVOICO 
Petroleum Geologist and Engineer 
220 E. 42nd St. City National Bank Bldg. 
New York 17, N.Y. Houston, Texas 


127 East 73d St. New York 21 MuUrray Hill 7-7591 Charter 4-6923 
NORTH CAROLINA OHIO 
RODERICK A. STAMEY JOHN L. RICH 
Geologist 


Petroleum Geologist 


109 East Gordon Street 


KINSTON NorTH CAROLINA 


General Petroleum Geology 
Geological Interpretation of Aerial Photographs 


University of Cincinnati 
Cincinnati, Ohio 


OHIO 


OKLAHOMA 


GORDON RITTENHOUSE 
Geologist 
Specializing in sedimentation 
and sedimentary petrology 
University of Cincinnati 
Cincinnati 21, Ohio 


ELFRED BECK 
Geologist 


308 Tulsa Loan Bldg. 
TULSA, OKLA. 


Box 55 
DALLAS, TEX. 


OKLAHOMA 


GARTH W. CAYLOR 
Consulting Geologist 


206 Chestnut-Smith Building 
624 South Cheyenne Avenue 
Tel. 2-1783 Tulsa, Oklahoma 


CRAIG FERRIS 
Geophysicist 
E. V. McCollum & Co. 
1510 Thompson Bldg. 


Tulsa 3, Okla. 
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OKLAHOMA 


E. J. HANDLEY 
Vice-President 
CENTURY GEOPHYSICAL CORPORATION 


Phone 5-1171 
1333 North Utica Tulsa 6, Okla. 


R. W. LAUGHLIN 
WELL ELEVATIONS 
LAUGHLIN-SIMMONS & Co. 


615 Oklahoma Building 
TULsA OKLAHOMA 


WALTER E. HOPPER 
Geologist and Consultant 


Petroleum and Natural Gas 
Reports Appraisals 
Estimates of Reserves 


510 National Mutual Building Tulsa 3, Oklahoma 


CLARK MILLISON 
Petroleum Geologist 


Philtower Building 
TULSA OKLAHOMA 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 
and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


P. B. NICHOLS H. T. BROWN 
Mechanical Well Logging 


THE GEOLOGRAPH COMPANY, INC. 


27 N.E. 27 
Phone 58-5511 P.O. Box 1291 
Oklahoma City 1, Oklahoma 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 
Schaeffer Geophysical Company 


National Bank of Tulsa Building 
TULSA, OKLAHOMA 


JOSEPH A. SHARPE 
Geophysicist 


Frost GEOPHYSICAL CORPORATION 


4408 South Peoria Ave. Tulsa 3, Okla. 


WARE & KAPNER 
SAMPLE LOG SERVICE 
Wildcat Sample Log Service 
Covering Southern Oklahoma 
John M. Ware H. H. Kapner 
Tulsa, Oklahoma 
332 East 29th Place 4-2539 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma 


ROBERT R. WHEELER 
Consulting Geologist 
Tekton Oil Co., Inc. 
Specializing in Anadarko Basin 
Possibilities and Prospects 
Phone 7-1142 
12th Floor, Petroleum Bldg. Oklahoma City 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
Grant Building, Pittsburgh, Pa. 


L. G. HUNTLEY 
J. R. Wy.ig, Jr. 
James F, Swain 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 
Independent Exploration Company 
Esperson Building Houston, Texas 


CHESTER F. BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 
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TEXAS 


BRYAN D. BECK, JR. 
Petroleum Geologist 
Geology Engineering Micropaleontology 


Drilling Blocks—Farmouts 
Well Promotions—Production 


222 Orleans Street Beaumont, Texas 


R. L. BECKELHYMER 


Consulting Geologist 


Domestic and Foreign Experience 
307 Rusk Building Houston 2, Texas 


JOHN L. BIBLE 
Consulting Geophysicist 
TIDELANDS EXPLORATION COMPANY 
Gravity Surveys on Land and Water 
2626 Westheimer 
Houston 6, Texas 


IRA A. BRINKERHOFF 
Geologist 
Associated with 


CUMMINS, BERGER & PISHNY 
730 Bankers Mortgage Building 
Houston, Texas 


HART BROWN 
BrowN GEOPHYSICAL COMPANY 
Gravity 


P.O. Box 6005 Houston 6, Texas 


R. W. BYRAM 
R. W. BYRAM & COMPANY 


Geologists and Petroleum Engineers 


Texas Oil and Gas Statistics Austin, Texas 


E. O. BUCK 
Geologist and Petroleum Engineer 
NATIONAL BANK OF COMMERCE 


BuILDING, Houston, TExas 


GEORGE W. CARR 
Carr Geophysical Company 


Commerce Building Houston, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 
705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


PAUL CHARRIN 
Geologist and Geophysicist 


UNIVERSAL EXPLORATION COMPANY 
2044 Richmond Road, Houston 6, Texas 


913 Union National Bank Building 
Houston 2, Texas 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 


Specializing in Valuations 


1603 Commercial H. Cummins 
Standard Bldg. Walter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


R. H. DANA 
Southern Geophysical Company 


Sinclair Building 


FORT WORTH, TEXAS 


E. DgGOLYER 
Geologist 


Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 
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TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Forth Worth National FORT WORTH, 
Bank Building TEXAS 


J. E. (BRICK) ELLIOTT 


Petroleum Geologist 


108 West 15th Street Austin, Texas 


RALPH H. FASH 
Consulting Chemist 
Chemistry applied to the search for oil 


Telephones: 
1811 W. T. Waggoner Bldg. Office 3-7351 
Fort Worth 2, Texas Res. 5-3852 


F. JULIUS FOHS 
Geologist 
433 Esperson Building 
Houston 2, Texas 
11 E, 44th Street 
New York 17, N.Y. 


JOHN A. GILLIN 
National Geophysical Company 


Tower Petroleum Building 
Dallas, Texas 


DONALD A. GRAY 
Consulting Geologist 
Reports—Appraisals—Brokerage 


1803 Dayton WICHITA FALLS, TEXAS 
Phone 4615 


CECIL HAGEN 
Geologist 
Gulf Bldg. HOUSTON, TEXAS 


MICHEL T. HALBOUTY 


Consulting 
Geologist and Petroleum Engineer 


Suite 729-32, Shell Bldg. 
Houston 2, Texas Phone P-6376 


GEO. P. HARDISON 
Petroleum Geologist 


426-430 Wichita National Bank Building 
Wichita Falls, Texas 


SIDON HARRIS 
Southern Geophysical Company 


1003 Sinclair Building, FORT WORTH 2, TEXAS 


L. B. HERRING 
Geologist 
Natural Gas Petroleum 


Second National Bank of Houston, Houston, Texas 


JOHN M. HILLS 


Consulting Geologist 


Midland, Texas 
Box 418 Phone 1015 


SAMUEL HOLLIDAY 
Consulting Paleontologist 
Bellaire, Texas 


207 Mulberry Lane 


R. V. HOLLINGSWORTH 
HAROLD L. WILLIAMS 
PALEONTOLOGICAL LABORATORY 
Box 51 Phone 2359 
MIDLAND, TEXAS 
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TEXAS 
J. §. HUDNALL G. W. PIRTLE C. E. HYDE 
HUDNALL & PIRTLE Geologist and Oil Producer 
Petroleum Geologists 
1715 W. T. Waggoner Building 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS FORT WORTH 2, TEXAS 
JOHN S. IVY RALPH S. JACKSON 
Geologist Consulting Geophysicist 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 


BEEVILLE TEXAS 


W. P. JENNY 
Consulting Geologist and Geophysicist 


Specializing in MICROMAGNETIC SURVEYS, 
GEOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


V. ROBERT KERR 
Consulting Seismologist 


Original and Review Interpretations 
Associated with 
CUMMINS, BERGER AND PISHNY 
Commercial Standard Bldg. Fort Worth 2, Tex. 


H. KLAUS 
Geologist and Geophysicist 


KLAUS EXPLORATION COMPANY 
Geophysical Surveys and Interpretations 
Gravitymeter, Torsion Balance 
and Magnetometer 
Box 1617, Lubbock, Texas 


LESTER A. LUCKE 
Geologist 
900 Brook Avenue 
Wichita Falls, Texas 


JOHN D. MARR 
Geologist and Geophysicist* 


SEISMIC EXPLORATIONS, INC. 
Gulf Building Houston, Texas 


PHIL F. MARTYN 


Petroleum Consultant 


2703 Gulf Building 


Charter 4-0770 Houston 2, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l Bank Bldg. Houston 2, Texas 


R. B. MITCHELL 
Consulting Geologist 


THE R. B. MITCHELL COMPANY 
City National Bank Bldg. Houston 2, Texas 


P. E. NARVARTE 
Consulting Geophysicist 
Seismic Interpretations 
Specializing in Faulting and Velocity Analysis 
Current Supervision and Review 


307 Insurance Building San Antonio, Texas 
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TEXAS 


LEONARD J. NEUMAN 
Geology and Geophysics 
Contractor and Counselor 
Reflection and Refraction Surveys 


943 Mellie Esperson Bldg. Houston, Texas 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 


National Standard Bidg. Houston 2, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


F. F. REYNOLDS 
Geophysicist 


Seismic EXPLORATIONS, INC. 


ROBERT H. RAY 
ROBERT H. Ray, INC. 
Geophysical Engineering 

Gravity Surveys and Interpretations 


Natl. Std. Bldg. Houston 2, Texas 


C. W. SANDERS 
Consulting Geologist 


2413 Colonial Parkway Fort Worth 4, Texas 
Phone 4-7188 


Natl. Std. Bldg. Houston 2, Texas 
SIDNEY SCHAFER HUBERT L. SCHIFLETT 
Consulting Geophysicist 
Seismic Reviews Interpretations STATES EXPLORATION COMPANY 


Exploration Problems 


3775 Harper St. Houston 5, Texas 


Sherman Texas 


A. L. SELIG 


Consulting Geologist 


Gulf Building Houston, Texas 


E. JOE SHIMEK HART BROWN 
GEOPHYSICAL ASSOCIATES 
Seismic 


P.O. Box 6005 Houston 6, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR. 
Consulting Geologist 


. Natural Gas 
Houston, Texas 


Petroleum... 
Commerce Building 


W. W. WEST 
PERMIAN BASIN SAMPLE LABORATORY 
106 South Loraine Phone: 1685 Midland, Texas 


All current West Texas and New Mexico Permian 
Basin wildcat and key pool well sample descrip- 
tions on a monthly subscription basis. 


Descriptions on old wells. 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 
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WEST VIRGINIA 
DAVID B. REGER 
Consulting Geologist 
217 High Street 
MORGANTOWN WEST VIRGINIA 
WYOMING 
E. W. KRAMPERT HENRY CARTER REA 
Geologist Consulting Geologist 
Specialist in Photogeology 
P.O. Box 1106 Box 294 
CASPER, WYOMING CASPER, WYOMING 


Source Data 
DIRECTORY OF GEOLOGICAL MATERIAL 
IN NORTH AMERICA 
By 


J. V. HOWELL AND A. |. LEVORSEN 
Tulsa, Oklahoma, and Stanford University, California 


I. General Material :—National and continental in area_ 
A. —— and non-commercial publishing agencies, regional, national, and con- 
tinen 


B. Bibliographies, general 
C. Dictionaries, glossaries, encyclopedias, statistics, handbooks 
D. Miscellaneous books and publications of general geological interest 
E. Commercial map publishers 
F. Regional and national geologic and physiographic maps 
G. State and Province geological maps 
H. Trade journals: oil, gas, mineral industry 
I. Libraries furnishing photostat and microfilm service 
J. Thin-section and rock-polishing service 
II. Specific Material :—State and Province in area 
A. Canada, by provinces, and Newfoundland 
B. Central American countries 
C. Mexico 
D. United States—states and territories 
Originally published as Part II of the August, 1946, Bulletin 


PRICE, 75¢ POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - - + H. Green 
Geophysical Service, Inc., 1311 Republic Bank 

Building, Dallas, Texas 
Vice-President - - - L. Nettleton 
Gravity Meter Exploration Co. 

1348 Esperson Bldg., Houston, Tex. 
Editon - - - - + + M, King Hubbert 
Shell Oil Company, Inc. 
Houston, Texas 
Secretary-Treasurer - - +» Thomas A, Manhart 
Seismograph Service Corporation 
Box 1590, Tulsa, Oklahoma 
Past-President - - J. J. Jakosky 
University of Southern California 
Los Angeles 
C = C. Campbell 


Business Manag 
sa, Oklahoma 


er - Co 
Room 210, 817 South Boulder, Tu 
P.O. Box 1614 


CALIFORNIA 


PACIFIC SECTION 
AMERICAN ASSOCIATION OF 


PETROLEUM GEOLOGISTS 
President - - - + William P. Winham 
Standard Oil Company of California 
Box 2437, Terminal Annex, Los Angeles 54 
alifornia 
Vice-President + Harvey W. Lee 
Union Oil Company, 617 W. 7th &t. 

Los Angeles 14, California 
Secretary-Treasurer - - + + - P. H. Gardett 

General Petroleum Corp., 108 W. 2d St. 
Los Angeles 12, California 
Monthly meetings. Visiting geologists are welcome. 


COLORADO 


FLORIDA 


ROCKY MOUNTAIN 
ASSOCIATION OF GEOLOGISTS 
DENVER, COLORADO 
President - + - - + + + + C, E, Manion 
Consulting Geologist 
_. 1740 Grape Street 
Ist Vice-President - - + + + + L, Brundall 

photo Services, Inc. 
305 E & C Building 
2d Vice-President - - - 
U. S. Geological Survey 
136 New Customhouse 
Secretary-Treasurer - - + + Kirk C, Forcade 
Frontier Refining Company 
410 Boston 
Evening dinner (6:30) and technical program 
(8:00) first Tuesday each month or by announce- 
ment. 


W. Lohman 


SOUTHEASTERN 
GEOLOGICAL SOCIETY 


Box 841 
TALLAHASSEE, FLORIDA 


President - - - + + + + + Paul L. Applin 
U. S. Geological Survey 
Vice-President - - - - + + E, H. Rainwater 
Shell Oil Company, Inc. 
Secretary-Treasurer - - + Eleanor T. Caldwell 
umble Oil and Refining Company, 

Box 506 


Meetings will be announced. Visiting geologists 
and friends are welcome. 


ILLINOIS 


INDIANA-KENTUCKY 


ILLINOIS 
GEOLOGICAL SOCIETY 


President - - - + + « « E, E. Rehn 
Sohio Petroleum Company 
Box 537, Mt. Vernon 
Vice-President - - - + C, Brehm 
C. E. Brehm Drilling Company 
t. Vernon 
- + + Charles A. Doh 
Schlumberger Well Surveying Corporation 
Box 571, Mattoon 


Meetings will be announced. 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 
President - - - + - + + +_J, Albert Brown 
Sohio Petroleum Company, Damron Bldg. 
Owensboro, Kentucky 
Vice-President - - - + + + George E. Taylor 
Continental Oil Company, 606 Division St. 
Evansville, Indiana 


Secretary-Treasurer - - + +* + + E, J. Combs 
Sun Oil Company, Box 717 
Evansville, Indiana 


Meetings will be announced. 


KANSAS 


LOUISIANA 


KANSAS GEOLOGICAL SOCIETY 
WICHITA, KANSAS 
President - - - - += + C, Hay 
Independent, 703 Union Natl. Bank Bldg. 
Vice-President - - - - - - Don W. Payne 
Sinclair Prairie Oil Company 
Secretary-Treasurer -  - Alice M. Quesenbery 
Cities Service Oil Company 
Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
Noon luncheons, first and third Monday of each 
month at Wolf's Cafeteria. The Society sponsors 
the Kansas Well Log Bureau, 412 Union National 
Bank Building, and the Kansas Well Sample Bu- 
reau, 137 North Topeka. Visiting geologists and 
friends welcome. 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 
President - - - - + D.D. Utterback 
Houston Oil Company of Texas 
501 Pere Marquette Bldg. 
Vice-President and Program Chairman - + - 
Humble Oil and Refining Company 
Secretary-Treasurer - + + D.N. Rockwood 
nion Producing Company, Box 1628 
Meets the first Monday of every month, October- 
May, inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 
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LOUISIANA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 

President - - W. E. Wallace, Jr. 
Sohio Petroleum Company, Atlas Building 
Vice-President - - - - + Edward W. Scott 
Union Oil Company of California 
Ricou-Brewster Building 
Secretary-Treasurer- - Richard T. Chapman 
Stanolind Oil and Gas Company, Box 1092 


Meets monthly, September to May, inclusive, in 
the State Exhibit Building, Fair Grounds. All 
meetings by announcement. 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


President - - - - D. E. Newland 
Magnolia Petroleum Company 
Vice-President - - - M. Ross, Jr. 

Amerada Petroleum Corporation 
RY ie vord 
agnolia Petroluem ‘Company, Box 872 
Treasurer - - - - Philip R. Allin 
Gulf Oil Corporation 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Ma- 
jestic Hotel. Special meetings by announcement. 
Visiting geologists are welcome. 


MICHIGAN 


MISSISSIPPI 


MICHIGAN 
GEOLOGICAL SOCIETY 


President - - + - = K, Clark 
Pure Oil Compa 
402 2d Natl. Bank Bi Saginaw 
Vice-President - . Kelly 
Michi an “State ” College 
ast 
Secretary-Treasurer - - + Harry J. Hardenberg 
Michigan Geological Survey 
Capitol Savings and Loan Bldg., Lansing 
Business Manager - - - Mortenson 
Sohio Petroleum Company, Mt. Pleasant 
Meetings: Monthly, November through May, at 
Michigan State College, East Lansing, Michigan. 
Informal dinners at 6:30 P.M., followed by dis- 
cussions. Visiting geologists are welcome. 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President - - - - + + HL. Spyres 
Skelly Oil 


Vice-President - D. Sprague 
Sinclair Wyoming Oil 


Secretary-Treasurer - + + Carl F. Grubb 
Superior Oil Company 
Tower Building 


Meetings: First and third Thursdays of each 
month, from October to May, inclusive, at 7:30 
p.M., Edwards Hotel, Jackson, Mississippi. ae 
ing geologists welcome to all meetings. 


OKLA 


HOMA 


ARDMORE 
GEOLOGICAL SOCIETY 


ARDMORE, OKLAHOMA 


President - - - - + Walter Neustadt, Jr. 
Westheimer- Neustadt Oil Company, Box 974 


Vice-President - - - + + Richard G. Kendall 
The California Company, Box 153 
Secretary-Treasurer - - - + Frank Millard 


Schlumberger Well Surveying Corp., Box 747 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President’ - - Harold J. Kleen 
Skelly Oil Company 
Vice-President - - - - Ben F. Baldwin 
Stanolind Oil and Gas Company 
Secretary - - - L. R. Wilson 
Carter “Oil Company 
1300 Apco Tower 
Treasurer - R. W. Edmund 
Globe Oil and “Refining Company 
Meetings: Technical program each month, subject 
to call by Program Committee, Oklahoma City 
University, 24th Street and Blackwelder. Lunch- 
eons: Every second and fourth Thursday of each 

month, at 12:00 noon, Y.W.C.A. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - - - Henry A. Campo 
Atlantic Refining Company, on 169 
awnee 
Vice-President - - : - - Fred J. Smith 


inclair Prairie Oil Company 
Box 991, Seminole 
Secretary-Treasurer - - Marcelle 
Atlantic a Company, Box 169 
awnee 

Meets the fourth Thursda ay of each month at 8:00 
. at the Aldridge Hotel. Visiting geologists 
welcome, 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - - + Charles G. Carlson 
Consulting Geologist, 922 Thompson Building 
Ist Vice-President - Jerry E. Upp 
Amerada Petroleum Corporation, pa 2040 
2d Vice-President - - - - - L. E, Fitts, Jr. 
Sinclair Prairie Oil Company, Box 521 
- - V. L. Frost 
hio Oil en Thompson Building 
ei - - Robert F. Walters 
Box 661, Gulf Oil Corporation 
Meetings: First and third Mondays, each month, 
from October to May, inclusive, at 8:00 P.M., 
University of Tulsa, Student Union or Tyrrell Hall. 
Luncheons: Every Friday (October-May), Cham- 
ber of Commerce Building. 
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PENNSYLVANIA 


PITTSBURGH GEOLOGICAL 
SOCIETY 


PITTSBURGH, 


President - - Ss. Philbrick 

United States Engineers, 9 25 New Bldg. 

Vice-President - - + John T. Galey 
Independent, “Box 1675 

Secretary - + David K. Kirk 

Gulf Research and Development Co., Box 2038 

Treasurer - - C. H. Feldmiller 


111 Haldane “Avenue, Pittsburgh 5 
Meetings held each month, except during the 
summer, All meetings and other activities by 
special announcement. 


TEXAS 


ABILENE GEOLOGICAL SOCIETY 
ABILENE, TEXAS CORPUS CHRISTI GEOLOGICAL 
SOCIETY 
President - - - - + + Frank B. Conselman 
CORPUS CHRISTI, TEXAS 
- - - - - » = 8. Dy Oil 


Pan American Production Company 


Secretary-Treasurer - - Riley G. Maxwell 
Consulting Geologist 
Box 1939 


Meetings: 2d Thursday of each month, 7:00 P.M., 
Wooten Hotel. 


DALLAS GEOLOGICAL SOCIETY 


DALLAS, TEXAS 
President - - - + Raymond A. Stehr 
Seaboard Oil Company 
1400 Continental Building 
Vice-President - - - + John T. Rouse 
Magnolia Petroleum Company 
-O. Box 900 
Secretary-Treasurer- - - + + + H. V. Tygrett 
: The Atlantic Refining Company 
. Box 2819 
Executive Commitee - - Barney Fisher 
Comanche Corporation 
406 Continental Building 
Meetings: Monthly luncheons and night meetings 
by announcement. 


Vice-President - - Robert D. Hendrickson 
Union Oil Company of — 


Secretary- - C. Cooke 
c/o O. . McClain, 224 Wileon Building 


Regular luncheons, every Thursday, Terrace Annex 
Room, Robert Driscoll Hotel, 12:00. Special night 
meetings by announcement. 


EAST TEXAS GEOLOGICAL 


SOCIETY 
TYLER, 
President H. Shelby, Jr. 
Humble Oil and Refinig Company 
Vice-President - - - - L. F. Lees 


Phillips Petroleum Company 


Secretary-Treasurer - - Walter E. Long 
eir-Jackson Company, Inc. 

Luncheons: Each week, Monday noon, Blackstone 

Hotel. 

— meetings and programs will be an- 

nounc Visiting geologists and friends are 

welcome. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


President - - R. H. Schweers 
"The Texas Company 
720 


Vice-President - H. Schouten 
Stanolind Oil an and Gas 


Secretary-Treasurer - - - + Millicent A. Renfro 
Texas Pacific Coal and Oil Company, Box 2100 


Meetings: Luncheon at noon, Hotel Texas, first 

and third Mondays of each month, Visiting geol- 

— and friends are invited and welcome at 
1 meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 


HOUSTON, TEXAS 
President - - + + + + Charles H. Sample 
M. Corporation 
721 Bldg. 
Vice-President - A. F. Childers 
Gulf Oil Corporation, ‘Box 2100 
ea - Hershal C. Ferguson 
consultant, “1208 “Esperson 
Tre ugene L, Earl 
The “British. Amesican Oil Company 


Regular meeting held the second and fourth Mon- 
days at noon (12 o'clock), Mezzanine floor, Rice 
Hotel. For any Cg ped pertaining to the meet- 
ings write or call the secretary. 
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TEXAS 
NORTH TEXAS PANHANDLE 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS AMARILLO, TEXAS 
President - - James F. Gibbs President- - - - - + + Carlos M. Ferguson 
Panhandle Refinine Company, Slubeadin Bldg. Magnolia Petroleum Company, Box 1988 
Vice-President - - +> Leonard T. Teir Vice-President - - - + + + Robert J. Gutru 


Anderson- Prichard Oil Corporation 


Secretary-Treasurer - - - Joseph W. McDonald 
Shell Oil Company, Inc., Box 2010, Radio Bldg. 


Meetings: Luncheon ist and 3d Wednesdays of 
each month, 12:00 noon, Y.W.C.A. Evening meet- 
ings by s special announcement. Visiting geologists 
and friends are cordially invited to all meetings. 


Cities Service Oil Company, Box 350 


Secretary-Treasurer - - + - Fred S. Alexander 
Standard Oil Company at Texas, Box 2087 
Meetings: Luncheon 1st and 3rd Wednesdays of 


each month, 12:00 noon, Herring Hotel. Special 
night meetings by announcement. 


SOUTH TEXAS SECTION 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
SAN ANTONIO, TEXAS 
President - - Guy E. Green 
Santa ‘Clara ‘Oil Com any 
1016 South Texas Bui oo 


an A, Petty, Jr. 
etty Geophysical 
Secretary- - J. Boyd Best 


The Ohio Oil Com 
1417 Milam Buildi 
Meetings: One regular meeting poe month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio, 


WEST TEXAS GEOLOGICAL 
SOCIETY 
MIDLAND, TEXAS 


President- - W. A. Waldschmidt 
Argo Oil ‘Corp., Box 1814 


Vice-President - Sam C. Giesey 
Union Oil Company of California 


Secretary - Clyde ~. Turner 
Gulf Oil Corporation, Box 1150 


Treasurer - Jane M. Johnson 
Permian Basin Sample Leboriiiey, Box 1653 


Meetings will be announced. 


WEST VIRGINIA 


WYOMING 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


President - - - - Robert C. Lafferty 
Consultant, 4007 Staunton — SE. 
1st Vice-President - - - H. J. Simmons, Jr. 
Godfrey L. Cabot, Inc., 900 Union Building 
Secretary-Treasurer - Alan H. McClain 
Owens, Libbey-Owens Gas Department, Box 4158 
Editor - - - + R. Douglas Rogers 


South “Penn Natural Gas Company 
Union Trust Building, Parkersburg, West Virginia 
Meetin Second Monday, each month, except 
and August, at 6:30 P.M., Daniel Boone 
ote 


WYOMING GEOLOGICAL 
ASSOCIATION 
CASPER, WYOMING 
P.O. Box 545 
President - - - - + - + + Henry C. Rea 
Consultant, Box 294 


1st - - M. P. Tixier 
Schlumberger Well Sur Surveying Corporation 
210 


2d Vice-President Pout - - W.S. Knouse 
Tide Water Assoc. Oil Company, Box 1708 
-Treasurer - - - H. E. Summerford 
emical Laboratories, Inc., Box 279 
Informal luncheon meetings every Friday, 12 noon, 
Townsend Hotel. Visiting geologists welcome. 
Special meetings by announcement. 


POSSIBLE FUTURE OIL PROVINCES 
OF THE UNITED STATES AND CANADA 


A symposium conducted by the Research Committee of The American Association of Petroleum 
Geologist 7 A. I. Levorsen, chairman. Papers read at the Twenty-sixth Annual Meeting of the Associa- 


tion, at 


ouston, Texas, April 1, 1941, and reprinted from the Association Bulletin, August, 1941. 


Edited by A. I. LEVORSEN 


154 pages, 83 illus. 
($1.00 to A.A.P.G, members 


$1.50, Postpaid 


and associate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 
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A completely portable rig for exploratory drilling .. . 
that’s the remarkable Joy ‘“‘200”—the outstanding rig for 
high speed drilling at low cost. The entire rig, including 
the folding two-piece derrick, can be mounted on a truck, 
trailer, tractor or skids. 


AUTOMATIC 


Check 


The Joy-developed Automatic Chuck is a key 
factor in the unsurpassed performance record 
of the “200” portable drill rig. It serves the 
triple purpose of rotary table, safety clamp 
and chuck when drilling without kelly. Besides 
saving labor, it increases drilling speed, lowers 
drilling costs and makes a definite contribution 
to greater safety. Once you see the Joy Auto- 
matic Chuck in action, you'll wonder how you 
were ever satisfied with former drilling per- 
formance! Write for descriptive bulletin. 
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FROST GEOPHYSICAL CORPORATION 


(Formerly C. H. Frost Gravimetric Surveys, Inc.) 


AIRBORNE MAGNETOMETERS, For contract surveys, 


sale and lease. 


GRAVIMETERS manufactured under license from Stand- 


ard Oil Development Company. 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 


ducted by competent personnel. 


GEOLOGIC INTERPRETATION of the results of gravimet- 


ric and magnetic surveys. 


4410 South Peoria Avenue 


Tulsa 3, Oklahoma 


Having trouble ‘interpreting your data? 
Perhaps it’s because your mixed records’ 


say, ‘‘Pick the dip this way,’’ 


where a simple record would say 
‘*Pick it this way ’’ 
RELIABLE gets BOTH 
mixed and simple every shot. 


MIXED 


SIMPLE 


Glenn M. McGuckin 


¥ 

| ~ ¥ ‘ § 

— 

RELIABLE GEOPHYSICAL CO. 
Perry R. Love 
Box 1111 


Corpus Christi, Texas 


xxvi 
we 


Bulletin of The Americ: 
an Association of Petroleum G 
Y fff gable ty YY LAA: 
2 Lone of dep™ gecade of WY) 
Yi ed are xhe key more xhan have Yy 
i) j puting guture eserves as Vy 
Vy ‘i ed a result have alway Y YG ZZ 
MM WG gonde™ CAF 
| ff; Yj wisely © kill and with aepe™ Zizzo 
4 su w as Z : 
ZA 


PLORATIONS INCORPORATED 


Houston, Tex 
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Basis for 


MORE ACCURATE 
Gravity Surveying 
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J oo SURVEYING is much simpler, with more 
precise readings, thanks to the North American Grav- 

ity Meter. Easier and faster surveying of any land or sea 

area results from the Meter’s light weight and compact 

size. One man can carry it on the back pack. Readings can 

be made while mounted in jeep or sedan. It is being widely 

used for diving bell operations. It is right at home in a 


small boat or canoe. 


Being extremely stable and with a sensitivity of .01 
miligal, the North American Gravity Meter assures read- 
ings of greater accuracy, than is usual for surveys of this 


type. 


It will pay you to use the North American Gravity Meter 
for your gravity surveying. Write for details of our sale 


and lease plans. 


2627 Westheimer, Keystone 3-7408, Houston 3, Tex. 


NORTH AMERICAN GEOPHYSICAL Co. 


Manufacturers of Geophysical Equipment and Precision Apparatus 


\ 
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IMPERMEX-lime Mud 
provides greater effectiveness with simplified control 


This mud is unique because the lime is 4. Low water loss, less than 2 cc. A.P.I. 
used in such a@ manner as to effect a 5. Thin Filter cake, on the order of 1/32". 
complete conversion of the ordinary 6. No interference with electric logs. 
drilling clay to a calcium base clay nsccivinid 
9g IMPERMEX-lime mud differs from conventional 


IMPERMEX-muds which also may use lime. In 
This type of IMPERMEX-lime drilling mud pre- the new application, operators first prepare a 


sents the following major advantages: a saturated lime-water solution. Next they use 
1. Low cost, because of elimination of need for this solution as the mixing water for the 
conventional chemical thinners. clay and IMPERMEX. 
2. Low gel strength, because of dehydration of 
clay by lime. Possibly your field (or well) will benefit by 
3. Freedom from effects of contamination. Salt the use of such a mud. To obtain additional 
(in concentrations less than 1%), cement, an- information about this type of mud, please fill 
hydrite, or gypsum have little effect. out and mail the form below. 


AROID SALES DIVISIO! 


NATIONAL LEAD. COMPANY 


Baroid Sales Division, Department Dept. A-15 
P.O. Box 2258, Terminal Annex 
los Angeles 54, California 


Send me detailed information on IMPERMEX-lime drilling muds. 


OS ANGELES 12 - TULSA 3 * STON 
Nome 
| 
PATENT LICENSES unrestricted as to sources of supply of materials, | Company Title i 
but on royalty bases, will be granted to responsible oil pani 
and others desiring to practice the subject matter of any and/or oll P 
treet 


of United States Patents Numbers 1,807,082; 1,991,637; 2,041,086; 
2,044,758; 2,064,936; 2,094,316; 2,119,829; 2,214,366; 2,294,877; 


2,304,256; 2,387,694; 2,393,165 and further improvements thereof. City Stote. 
Applications for Licenses should be made to Los Angeles office. 


tg M 
To, é M 
op)! Pus, 4 N 
| 
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EXPLORATI 


Electrically controlled and Observed 


from the surface 


Special equipment permits precise observa- 


tions, comparable with those on land, even 


during movement of the meter from wave 


action or oscillations of the ocean floor. 


GRAVITY MEKER 


| 
| 
\ 
| 
| 
| 
4 
! 
 geophysicists 
son Building, Houston, Texas 


WITH THE CENTURY 24 TRACE SEISMIC EQUIPMENT 


CENTURY GEOPHYSICAL CORP. 


NEW YORK 
149 Broadway 


TULSA, OKLAHOMA 


HOUSTON 
Niels-Esperson Building 


Century Geophysical Corporation pro- 
vides maximum linear coverage at 
minimum cost per profile. Century’s 
own contract crews use this same fine 
equipment that is available to the in- 


dustry. 


; 
| 
| 5 
| 
| 
ig 


Modern exploration calls for extreme versatility in seismic 
equipment and in crew knowledge and experience. From Century 
both are available . . . the finest available equipment and ex- 
perienced crew personnel. 


Century offers two distinct types of seismic equipment. First 
is what we call Century Unitized Geophysical Equipment which 
is standard sized and truck mounted. It consists of a recording 
truck, a drilling unit, a shooting truck, a water truck and a 
surveyors truck. 


The newest offering by Century is the Portable Recording 
Unit . . . the first REALLY portable seismic unit ever offered 
to the industry. The 12 trace unit weighs only 350 Ibs. and is 
easily portable by 10 men. There has been no sacrifice in versa- 
tility or quality because of portability. 


Whatever your geophysical survey requirements are, Century 
has the equipment to more than adequately meet them. 


CENTURY GEOPHYSICAL CORP. 


TULSA, OKLAHOMA 


NEW YORK HOUSTON 
149 Broadway Niels-Esperson Bldg. 
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AERIAL SURVEYS BY FAIRCHILD When any large 
area is mapped, economy demands speed .. . 
with accuracy. The speed of a Fairchild survey 
is assured by the efficiency of the aviation teams 
who execute the field work. The accuracy of the 
maps produced is a direct result of the control 
methods used in the field and the specialized 
equipment developed by Fairchild engineers. 


EXPERIENCE PLUS INGENUITY Fairchild has pio- 
neered in the development of excellent photo 
maps. Experience that stretches back twenty-five 
years includes operations throughout the world. 
The methods of operation, and the equipment 
used, are continually improving. Today, Fair- 
child engineers are utilizing Shoran... high- 


for better management and engineering 


After development of the aerial photos, 
Fairchild technicians cross-index a 
preliminary layout of the area sur- 
veyed. .. Production of the finished 
maps is keyed to this rough layout. 


frequency signal-transmitting gear that gives pre- 
cise ground-location data to the flight engineers. 


GOOD PLANS SAVE TIME For a well-planned sur- 
vey, call in Fairchild engineers for your early 
conferences. Their experience is available to you 
at no obligation for preliminary survey studies. 


Since 1920, Fairchild has served clients the world over 
. . . conducting domestic and expeditionary aerial sur- 
veys in the fields of: 


Petroleum Highways Taxation 
Mining Railroads Harbors 
Geology Traffic Flood Control 
Forestry Utilities City Planning 
Water Ways Pipe Lines Legal Evidence 


AERIAL SURVEYS, INC. 


224 EAST ELEVENTH STREET, LOS ANGELES 15, CALIFORNIA ¢ 21-21 FORTY-FIRST AVENUE, LONG ISLAND CITY 1, N.Y, 
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PETROLEUM GEOLOGISTS! 


Wire Line Retractable 


Core Orienting Equipment 


speedily gives you the 


DIP AND STRIKE 


Deseriptive literature 

On Corex Reader 
EASTMAN OIL WELL SURVEY COMPANY 
GENERAL OFFICES: P.O. BOX 1500, DENVER 1, COLORADO 


DIVISION OFFICES: LONG BEACH ¢ DALLAS * HOUSTON e¢ DENVER 
OFFICES: LONG BEACH LOS ANGELES NEW YORK CITY 


GEOLOGY OF THE BARCO CONCESSION 
REPUBLIC OF COLOMBIA, SOUTH AMERICA 


BY 
FRANK B. NOTESTEIN, CARL W. HUBMAN AND JAMES W. BOWLER 
(PUBLISHED WITH THE PERMISSION OF THE COLOMBIAN PETROLEUM COMPANY) 
@ This is a separate (‘‘reprint'') from The Bulletin of the Geological Society of America, October, 1944 


@ 51 pages, 4 full-tone plates 
@ 10 columnar sections and stratigrahpic correlation charts, | structural contour map, | water analysis chart 


®@ Geological map and 2 cross sections in colors (folded insert, approx. 15 x 30 inches) 
PRICE, 50 CENTS, POSTPAID 
Order from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


MINERAL RESOURCES OF CHINA 


By V. C. Juan 


June-July, 1946 Issue, Part II, Economic Geology 
75 cents per copy In lots of 10—$6.00 


The Economic Geology Publishing Company 
100 Natural Resources Building, Urbana, Illinois 
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: 
WLANE-WELLS RADIOACTIVITY WELD 
LOGGING GIVES YOU THE MOST COMPLETE 
INFORMATION ABOUT YOUR WELLS 


THROUGH CASING. 


F you could lower a petroleum geologist 
with X-ray eyes down your oil well, you still 
wouldn't get as complete information as you get te 
with a Lane-Wells Radiqactivity Well Log. For 
lane-Wells Radioactivity Well Logging not only nil 


tells you the characteristics of all formations en- A Radioactivity Well Log will spot them and give 


countered, but gives you their exact locations too. their precise location and extent. Just where is the 
Is that thin producing zone exactly where your gas-fluid contact in that horizon? A Radioactivity 
measurements show it? A Radioactivity Well Log log can tell you these—and many other things. 
will locate it within inches. Are there possibly Run a Lane-Wells Radioactivity Well Log, and you'll 


productive porous zones in that thick limestone? have acomplete picture of your well,through casing. 


Radicactiuity Well Logging by 
Write for Mew Sulletin! 


24 HOUR SERVICE Geneva! Offices, Export Officer ond 


XXXV 
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ern crews which operated 
in each State during.1947; 


KEY 


Séismic Survey 
Parties 


Gravity Meter Survey 
‘arties 


Core Drill & Electric 
Logging Parties 


Elevation Meter 
Survey Parties 


WESTERN MANUFACTURES 
FOR SALE OR RENTAL— 
Seismic Instruments and Equip- 
ment ¢ Gravity Meters © Eleva- 
tion Meters ¢ Electrical Logging 
Units ¢ Portable Shot Hole and 
Core Drilling Rigs 


This map indicates tha 
number and type of West- 


SERVES 
COAST to COAST . 


BORDER to BORDER 


WEE, activities since the inception of the company in 1933 


include operations in every major producing and potential petroleum 
producing province in the United States. This wide experience, solving all 
types of geophysical problems, together with superior personnel, equipment 
and research facilities enables Western to meet every requirement of oper- 
ators desiring the most complete and highly advanced geophysical service. 

The accuracy of its surveys is attested by its numerous clients and 
by the many discovery wells which have been located on the basis of Western 
surveys. 

In addition to the domestic operations depicted, Western field 
parties, equipment and/or instruments are now operating in Paraguay, 
Argentina, Australia, Ethiopia, Italy, France and China. Western services 
are available in any part of the world. 


GEOPHYSICAL COMPA 


j 
Main Office 
and Plant 
Division Head- 
gt | quarters 
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EY To FAST 
ACCURATE ELEVATIONS 


In such diverse. fields as geophysical prospect- 
ing, aerial mapping, reforestation projects, location 
paurveys and construction work the Sensitive 
Altitmetér has proved its value as the key to fast, 

elevation. Used in conjunction with the Two 
 < Base Method of Precise Altimetry actual experience 
has demonstrated that elevations can be established 
consistently to Within 2 or 3 feet in approximately one 
tenth the time required by other methods. 

are some of its features: 


part in 1000 
.. 1 part in 8000 
Ranges ...... . 0-2000 feet 
0-7000 feet 

and 0-16,000 fee 


Case .. or 

All types available 

in matched sets for ultra 

precision work. Write for 
technical literature. 


WALLACE 2 TIERNAN 


PRODUCTS, INC. 


ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 
BELLEVILLE 9 NEW JERSEY 
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Gravity surveys conducted by States experienced 
personnel bring to your desk maps final as to de- 
tail, thoroughly analyzed for economic worth, and 


condensed for ready use. 


STATES EXPLORATION CO. 
Sherman, Texas 
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GEOLOGRAPH 


MECHANICAL WELL LOGGING SERVICE 


N the United States, the Geolograph is being used in the principal 
: oil producing areas. Operators and Contractors, both large and 
small, are standardizing on this up-to-the-minute, streamlined service 
which insures them more footage and more information for every 
dollar spent in drilling. 


Geolograph is being used in Mexico, Venezuela, Colombia, Peru and 
Argentina. Geolograph is out in front in the search for oil in Canada, 
where it is being used both in proven areas and on important ex- 
ploratory tests. 


During World War II, the Navy used the Geolograph in exploratory 
drilling in Petroleum Reserve No. 4, in Alaska. It is now being used 
by Arctic Contractors. 


Rugged in construction, yet simple in design and readily portable, 
the Geolograph lends itself to foreign exploration. Geolograph Me- 
chanical Well Logging Equipment is available on a rental basis. For 
service or further information contact your nearest representative. 


District Offices: Shreveport, Louisiana ... Odessa, Texas... Alice, Texas 


General Offices: 27 N.E. 27 St., Oklahoma City ... Phone 58-5511 


il 
10, 2 


TIME WILL TELL’ 


GEOLOGRAPH 


P. O. Box 1291 Oklahoma City 1, Oklo. 


| the Arctic 
SS 
the Tropics... 
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GEOPHYSICAL SURVEYS 
UNIVERSAL EXPLORATION COMPANY 


2044 Richmond Road 
HOUSTON 6, TEXAS 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


P.O. Box 7166 
D4-3947 Dallas, Texas 


GEOLOGY OF THE 
TAMPICO REGION, MEXICO 


By JOHN M. MUIR 


PART I. INTRODUCTORY. Histo i Pages 1-6. 

PART IL STRATIGRAPHY “AND PAL Tertiary. 
PART III. IGNEOUS ROCKS AND SEEPAGES. Asphalt. Oil Gas. (143-158, 

PART IV. GENERAL STRUCTURE AND STRUCTURE OF OIL FIELDS. Northern | Fields 


and Southern Fields: Introduction, Governi porosity, Review 
dominant Features, Production, Description of Each Pool and Field, eas Gs 


ight- -225.) 
APPENDIX. Shoo and Acid Salt- Weter Temperatures. Well Pressures. Stripping Wells. 


@ 15 half-tones, 41 line drawings, including 5 maps in pocket 
@ 212 references in bibliography 

@ Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


$4.50, post free $3.50 to A.A.P.G. members and associates 


The American Association of Petroleum Geologists 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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SURVEYS 


KEYSTONE EXPLORATION COMPANY 


OFFICES AND LABORATORY 
2813 WESTHEIMER ROAD 


HOUSTON @ TEXAS 


xli 
i 
SE OPHY SIs 

\ 

| 

i 


Bulletin of The American Association of Petroleum Geologists, April, 1948 


With specially designed portable seismic 
equipment and skilled personnel widely 

perienced in d tic and foreign work, 
we are now proving many areas previously 
thought to be inaccessible to seismic op- 


erations. 


Marine Exploration crews were first in the 
field with unitized portable seismic equip- 
ment. Compact portable mechanized drill- 
ing, shooting and surveying equipment 
have been designed for operation with the 
specialized electronic seismic instruments. 


Marine Exploration crews have standard- 
ized on portable seismic equipment adapt- 
able to land and water operations in any 
area. Write for our bulletin that complete- 
ly describes this portable method that has 
put more potential areas in the scope of 
geophysical exploration. 


Ask for information of availability of foreign crews. 


EXPLORATION CO. 


3200 WEST DALLAS TELEPHONE LEHIGH 7198 


HOUSTON 
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MORE O YEARS 


_IN D 


positive results, 
maximum value from your oil 
exploration contract with Independent 


Experience has proven that superior equipment pays big dividends in assuring 
profitable results from any type of geophysical survey. At Independent we 
place great emphasis on advanced equipment design... particularly 
on the design and construction of precision instruments. 

Instruments combining extreme precision with rugged field 
worthiness are designed and built for Independent by 
The Kannenstine Laboratories under the direction of 
Dr. F. M. Kannenstine, a scientist who has devoted 
more than 20 years to the development of 
seismic and other geophysical instruments. 


You are cordially invited to visit 
our laboratories at 1922 
West Gray Street, 
Houston, Texas. 


Independent 


EXPLORATION COMPANY 


Geophysical Sureys 


ESPERSON BUILDING HOUSTON, TEXAS 
~ 
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Pioneers in 
Magnetic 
Prospecting 
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THESE 


EXCLUSIVE 
FEATURES 


E-C Inclinometers are the 
result of 18 years of re- 
search and field experi- 
ence in well surveying 
work, 


Designed to assure maxi- 
mum speed and economy 
with accuracy, they... 


Provide multiple records 
in a single round trip... 


Double check records for _ 


positive, dependable in- 
formation... 


Automatically make easily 
read and permanent 
records... 
Can be run on wire line, 
core barrel overshot, go- 
deviled, or inside of bailer. 


SURVEYS 


With the E-C Inclinometer 
you can quickly “Double 
Check” each record on a 
single run. 


In wire line operations, 
“Double Checking” is done 
simply by raising the E-C 
about 100’ and lowering 
again to the previous 
position. 


When ‘‘go-deviled”’ 

slight turn of the drill pipe 
will give a ‘’Double 
Checked” record. 


Save time—Save money — 
Be Doubly Sure—use only 
the E-C Inclinometer. 


Our nearest Service En- 
gineer will gladly furnish 
full details including our 
low-cost rental basis. 


Bulletin of The American Association of Petroleum Geologists, April, 1948 xlv 
| 
3118 BLODGETT AVENUE HOUSTON, TEXA 
Pan: Falfartias; Texas “Tends Marshall, Texes tong Beach, 
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COMPREHENSIVE INDEX 


OF THE PUBLICATIONS OF 
THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS 


1917-1945 
By DAISY WINIFRED HEATH 


A.A.P.G. PUBLICATIONS INDEXED 


1917-1945 The Bulletin, Vol. 1 (1917)-Vol. 29 (1945) 

1926 Geology of Salt Dome Oil Fields 

1928 Theory of Continental Drift 

1929 Structure of Typical American Oil Fields, Vol. 1 

1929 Structure of Typical American Oil Fields, Vol. 2 

1931 Stratigraphy of Plains of Southern Alberta 

1933 Geology of California 

1934 Problems of Petroleum Geology 

1935 Geology of Natural Gas 

1936 Geology of the Tampico Region, Mexico 

1936 Gulf Coast Oil Fields 

1936 Structural Evolution of Southern California 

1938 Miocene Stratigraphy of California 

1939 Recent Marine Sediments 

1941 Possible Future Oil Provinces of the United States and Canada 
1941 Stratigraphic Type Oil Fields 

1942 Permian of West Texas and Southeastern New Mexico 
1942 Source Beds of Petroleum 


@ 603 pages, 6.75 x 9.5 inches 
@ Bound in green Buckram; stamped in art gold 


PRICE, $4.00, POSTPAID 
TO MEMBERS AND ASSOCIATES, $3.00 


THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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In soft formations this spring pushes 
the core barrel cutter head out 
ahead of the drilling bit to protect 
% the core from the washing action of 
the mud and the chipping action of the cutters. 
In hard formations the spring allows the forma- 


tion to force the cutter head back into the bit— 


protecting the cutter head from too much weight. 


This action of the protrusion regulator spring jis a 
big reason why operators everywhere use the 
REED “BR” for a higher percentage recovery of 


good cores. 


REED ROLLER BIT COMPANY 
P. O. BOX 2119 HOUSTON 1, TEXAS 


LONDON: 59 Wool Exchange, Coleman St., London E.C.2, England 
NEW YORK: 1836 RCA Building, New York 20, New York 
ARGENTINA: Avenida Presidente Roque, Saenz Pena 1124, Buenos Aires, Argentina 
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* "tion for development evaluation is obtainable with Black 


IN THE 


and, in many cases, water plus fine solid or silty ma- 
terials or chemicals. This filtrate, common to all water base drilling fluids, 
is squeezed out of the mud and into the formation around the borehole 
because the pressure of the mud against the formation being drilled 
must be in excess of the formation pressure in order to control the well 
while drilling with rotary tools. This water remains in place until the well 
is brought on production. At this time “free” water is displaced by oil or 
ges. A quantity of the water will always remain held in place between 
the tiny particles of the formation by capillary action and is not dislodged 
even by excessive pressures. This locking of the particles of water in the 
crevices between the sand grains is known as “water blocking” and is 
due to Jamin action*. This water blocking decidedly restricts production 
and the ultimate recovery of oi: from the well. The tighter the producing 
formation the more complete is this water blocking action. Even in very 
permeable formations this water blocking is still very detrimental, 


“BLACK MAGIC” ELIMINATES WATER BLOCKING 


Black Magic oil base drilling fluid as the comparative curves 
show, eliminates water blocking. There is no free water in Black 
Magic. While Black Magic has only a 
paper thin “cake,” there is a zero filtrate 
loss. Due to elimination of water blocking, 
there can be no displacement of connate 
water in core samples. Accurate informa- 


ODUCTION ZONE! 


Schematic view of oil sands surrounding the 

zone of production showing how the surface 

tension of water particles locks them in the 

minute crevices thereby blocking off the flow 
of crude oil. 


Magic as with no other-medium. 


Consider some of the many other advan- 
tages of Black Magic: May be regenerated and used over 
and over again. Is not affected by salt, anhydrite, gypsum, 

‘ limestone, or cement, therefore, no expensive chemicals 
are needed. “‘Heaving” or hydrous disintegrating shales 
remain in place due to Black Magic’s perfect plastering 


and lack of water filtrate. 
_ 
wi 
reprints coupon or wrile 
K we available ; 
action 
dese of these informal 
‘ 
1! oris St 
Gentlemen* 
ection ond ins effect 
1 


“Block Magic” — 
Wales 


CURVES 


Synthetic cores of S00 m/d mudded off—one with Black Magic, ene with a starch 


treated clay mud. Cores were depl d with si d crude (80% white oil, 
bili d over a nine hour peried. Note approxi- 


in ddad aff with Rieck Manic. 
ve by 


Black Magic is not to be confused with any other type of oil base 
drilling fluid and is manufactured, distributed and serviced by 
Oil Base, Inc., an entirely independent '. 


OIL BASE, INC. 


Main Office: 130 Oris St., Compton, Calif. 


Branches Offices: Bakersfield, Ventura, and Long Beach, 
CALIFORNIA; Houston 2, Midland, TEXAS; Oklahoma City 2, 
OKLA.; Vernal, UTAH 
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PRESSURE 
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//FORT NORMAN 
: OIL FIELD 

yj 


RK 


WESTERN CANADA 
500 


1 
MILES 


1947 Printing in Paper Covers. Handy to Take with You 


POSSIBLE FUTURE OIL PROVINCES OF 
THE UNITED STATES AND CANADA 


CONTENTS 

Foreword By A. I, Levorsen 
Alaska By Philip S. Smith 
Western Canada By Alberta Society of Petroleum Geologists 
Pacific Coast States By Pacific Section, American Association of Petroleum Geologists 
Rocky Mountain Region By Rocky Mountain Association of Petroleum Geologists 
Northern Mid-Continent States By Tulsa Geological Society 
West Texas By West Texas Geological Society 
Eastern Canada By Geological Survey of Canada, Quebec Bureau 

of Mines, and Newfoundland Geological Survey 
Eastern United States By Appalachian Geological Society 
Southeastern United States By Mississippi Geological Society 


154 pp., 83 figs. Paper cover. 6 x 9 inches 
Third printing. Reproduced by photo offset process from original printing of 1941 


PRICE, $1.50, POSTPAID ($1.00 TO MEMBERS AND ASSOCIATES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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MIOCENE STRATIGRAPHY 
OF 


CALIFORNIA 


By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 


WHAT OTHERS HAVE WRITTEN ABOUT IT 


“In spite of any defects it may have, moreover, many of us suspect that Kleinpell’s 
book is of the kind called epoch-making. If so, in 50 or 100 years it will stand out like 
a beacon among its contemporaries and, along with a very few others of them will read 
with a ‘modern’ tang. Oppel’s ‘Die Juraformation,’ or Suess’ ‘Die Entstehung der Alpen,’ 
or to go back to the beginning, De Saussure’s ‘Les Voyages dans les Alpes’ may be cited 
among older geological classics that are now distinguished by this same tang.” —Ralph 
D. Reed in Journal of Paleontology, Vol. 13, No. 6 (November, 1939), p. 625. 


“The Neogene of California is disposed in tectonic basins, about a dozen in number, 
from Humboldt in the north to Los Angeles in the south. About half-way along is the 
Paso Robles basin, and in this lies the Reliz Canyon, which provides the author with his 
type section. The aerial photograph serving as frontispiece shows the area to be sufficiently 
arid to give a practically continuous exposure; but one must admire the painstaking 
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In many such books the geophysical ¥ 

experience of National’s skilled 

interpreters, combined with 
seasoned field crews and proved 
instrumentation, has been 

incorporated. 
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